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ABSTRACT 

A multiphase continuously distributed species model 
of flotation cell has been put forth and steady state kinetics 
of the flotation process are discussed. For a realistic des- ■ 
cription of the process, the instantaneous distributions of 
particles are converted into absolute general moments. A 
continuous flotation cell and bank of cells is simulated eff- 
ectively with the help of Pearson's closure technique. The 
Pearson's suite of moment equations is used to solve the 
incomplete set of moment equations of the flotation model. 

For demonstration of method, feed of the particles to the 
flotation cell/bank in first order flotation rate constant (K) 
has been characterised in four probabilistic distributions: 

(1) Uniform, (2) Beta, (3) Gamma and (4) mixed feeds. 

Holdups were computed analytical by integration, except 
when feed was gamma distribution. The Pearson's value of hold- 
ups are in good agreement with the actual holdups. It is con- 
cluded that this could be a powerful and versatile method for 
modelling flotation circuits. 



CHAPTER 1 


lETRCDUCTIOR 


Froth flotation is the commercially most important and 
technologically most interesting mineral dressing process- 
'.Vith decreasing grade of ores and increased dissemination of 
target minerals witinin the ore, the cost and energy consumption 
in froth flotation has beconse increasingly important. The 
incentive for increasing the recovery by as little as say 0.5% 
is considerable when flotation plants handle large tonnages of 
ore. To increase production and decrease cost and energy con- 
sumption, design and control strategies have been applied to 
flotation circuits in an empirical manner because no complete 
realistic analysis of flotation circuits exists. Hence rese- 
arch efforts in flotation must be aimed at improving overall 
performance or plants. Optimum circuits must be designed and 
synthesized by developing mathematical strategies and simula- 
ting them with computer. 

The basic unit of a continuous flotation circuit is 
the flotation cell. A flotation cell is assumed to be a per- 
fect mixer. A continuous flotation cell splits the incoming 
stream of particulate solids into a concentrate streairi, which 
is richer in mineral, and a tailing stream which is richer in 
yangue. Number of flotation cells connected in series consti- 
tute a flotation bank, h flotation bank may be referred as 
rougner cleaner or scavenger depending upon the function it 
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performs and the grade of the feed to it. A number of banks 
connected together constitute a flotation circuit. 

The primary attributes of particulate ore material are 
those which are internal or inherent to the feed e.g. particle 
size, composition, morphology, surface active sites etc. These 
attributes interact with variables of the flotation process to 
generate derived attributes. The main process variables are 
cnemicai conditioning, pulp density, aeration rate, size and 
residence time distribution of bubbles, intensity of pulp agi- 
tation etc. The derived attributes are hydrophobicity , resi- 
dence time distribution and of course flotation rate constant, 
K. In reality flotation cell comprises of many phases which 
participate in mineral transport and exchange. The physical- 
chemical phenomenon and the interaction between material and 
bubble is only partially understood. The flotation process 
comprises of many micro- events such as particle bubble colli- 
sion, thin film rupture, particle attachment to bubble and its 
detachment, levitation of bubble particle aggregate and incor- 
poration in the froth phase. For modelling purpose it is not 
necessary, nor it is possible to include ail elementary rate 
processes explicitly in the model. Various rate parameters 
are represented by an ai)parent first order flotation rate 
constant, under free flotation conditions. 

in the present work a mathematical model has been dev- 
eloped which deals with the steady state kinetics of the flot- 
ation process. The model is based on a novel technique for 
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solving the set or moment equations, that arise in model for- 
mulation, by means or Pearson’s suite of moment equations, 
qerore proceeding with present work, a detail survey of exisriny 
literature is presented. It will enable the reader to get a 
good insight into the work. 
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CHApTIjl-i 2 

LITERATURE SURVEY 

We first consider ti'ie kinetics of flotation, beginning 

with simple models of semi-batch flotation in a single cell. 
fJotfi; All ch)C,pix.ir cure fec«.k^=.o -^roro 

2.1. SELI- BATCH FLOTATION KI2-«,ETICS : 

A large number of mathematical models have been prop- 
osed for the semi-batch system. Lynch et al . (1981) have cate- 

gorised these models into empirical, probabilistic and kinetic 
models. The kinetic models are oest classified in a P-S format 
U^'igure 2.1). Each class oi model lies at the intersection of 
phase P and feed species S, wnere P represents a single or 
multiphase system, and S can be either a single class of spe- 
cies or discretely distributed or continuously distributed 
ensemble of particles. Six types of models evident from the 
figure are explained oelow. 

2.1.1. SILGLu PHi^SE - SILCLL SPeCIES LODELS ; 

Garcia-zungia (1935) first recognized flotation as a 
rate process end a first order rate of flotation of single 
species from pulp phase. 

d I'i ( t) 

-5|— = -K«p(t) (2.1) 

where l.pt) ie n.ass ol particle remaining in pulp at flotation 
time t. As this niodel is not adequate, chemical reaction 
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Frg 2-1 P-S matrix clas^i ficatio^j of 
FLDTA1~10N klMETlC MOIiELS 
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kinetics enaloQy has been used, for su^QGstiny second order 
(Arbiter, 1951) and higher order (Debruyn and wodi, 1956; Volin 
and Swarni, 196 5) flotation models. The nth order model is 
d hi ( t) 

- K (t) (2.2) 

dt p 

Direct entrainmenc of solids from pulp to froth is a secondary 
pati'i of material transport. In the case of hydrophilic (and 
especially fine) particles significant material transport 
vThorne et al., 1976) occurs by the secondary path. Consequ- 
ently possible modification of the first order model could be 


d hi (t) 


p 


dt 


= - K M (t) - J 

P 


where J is the entrainment rate. 


(2.3) 


2.1.2. Slh'GbE PHASE - DISCRETELY DISTRIBUTED SPECIES MODEL ; 

In a logical extension to the first order kinetics 
model, the feed is divided into X classes of homogeneous species, 
wnerein all members of a class possess identical rate constant 
value (Iraaizumi and Inoue, 1965). Presence of two classes is 
implicit in the kinetic model of Morris (1952) who introduced 
an additional parameter to account for the empirical tact that 
the flotation may or may not proceed to completion, 
d M ( t) 

;£ = - k[m (t) - M (<=»)] 

dt '■ p P 

where M ( co) is tiie non floating material, 
p 


(2.4) 
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2.1.3. SIi;•^lGL£; PfiASii - COi^TIAuOUSLY DlSTRlBuTiiD SPBCIBS AODiiLS : 

In the case or heterogeneous ground ores with incomplete 
liberation the number of discrete classes become large and the 
feed is best modelled as continuously distributed in rate cons- 
tants. 


li (t) = / 1-1 (K, 0) exp(-Kt) dK (2.5) 

P Q i' 

where 1; Uv, 0)dJN. is inass or mass fraction of original feed 
with flotation rate constant of K to K -i- dK. Hence K(K, 0) is 
a relative or absolute density function, and 

ou 

f I'i (K, 0)di<. = 1 or 

o ^ 

= H (0) (2.5a) 

JCr 

where (U) is the total teed to the cell. iinalytical expres- 
P 

sions exist only for a few distributions. The best known 
example is gamma distribution in parameters u and n (U'oodburn 
and Loveday, 1965; ijoveday, 196b; inoue and iraaizumi, 1968; 
iiarris and Chaxravarti, 1970) 

n . 

li (K, U) = - - K^~ exp(-uk) (2.6) 

^ fuT" 

Equation (2.6) on substitution in (2.5) yields 

‘2.7) 


A bimodal distribution generated by mixing two gamma distri- 
butions in the ratio jiJ and (1 - )2) can yield a more versatile 
model (Harris and Chakravarti, 1970) 
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M ( t) 
P 


(1 - 


J3) 




n. 


+ t-* 


+ [ 


u. 


n. 


U 2 + t-' 


( 2 . 8 ) 


In case of rectangular distribution in the range of < K < 

Is. tie model is (Muber-Panu et al., 1976) 

u 


(t) 

p 


exp(-kj_t) - exp(-k^t) 

^ 


(2.9) 


i\ particular statistical distribution function e.g. beta, gamma 
or uniform is chosen as a .matter of convienience for extracting 
close form mathematical expressions for or k^Ct). Harris 

and Chakravarti i^iyVO) recognized that is the laplace 

transform of k, (k, 0). Kapur and nehrotra (1974) devised a 

Jr 

reliable and rooust technique for computing the feed distribu- 
tion from flotation data. Their scheme is based on the fact 
that flotation kinetics can be always expressed in cumulative 

distribution function R (K, 0) as follows. 

P 

_ 1 — ( t ) 00 

k (t) = 7-2 = / R (K,0) exp(-Kt)dK (2.10)’ 

P t P 


2.1.4. kULTlPHASE - SIhGLE SPECIES kODEL : 

In reality the flotation comprises of many phases which 
participate in material transport and exchange, therefore incr- 
easing only the complexity of single phase kinetic models may 
not be productive. None of the parameters in the multiphase 
flotation systems can be computed from first principles, but 
must be estimated from experimental data with great deal of 
uncertainty regarding the reliability and significance of 
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estimate. A simple model of multiphase species was suggested 
by Harris and Himmer (1966) 

K _ 1 

Pulp " Froth — Concentrate 

h 


ine governing equations of this laodel in pulp, froth and con- 
centrate phases are respectively. 


a 


M ( t) 



dt 


= - K ri___(t) + h I''A(t) 

P ^ 


( 2 . 11 ) 


d ( t) 
dt 


K J>i (t) - h i''i-(t) - 1 M_.(t) 
p ± t 


( 2 . 12 ) 


d K ( t ) 
c 

dt 


1 


(2.13) 


with the initial conditions H, (0) = iH (0) =0. Simultaneous 

r c 

solution of these equations yields recovery. 

H (t) = A (c«)(l « (1/(A-3))[A exp(Bt) - B exp (At)]) 

c c* 

(2. 14) 


where A and B are 


A = - U + h + l)/2 - Jih + k + 1)^ - 4k 1/2 (2.15a) 

B = - (k + h + l)/2 + y(h + k + 1)^ - 4k 1/2 (2.15b) 

Under highly mineralized conditions, if tne rate of drainage 
becomes negligible this model simplifies to 

ivi^(t) = A^('»)(l - (1/(1 - k))[l exp(-kt) - k exp(-lt)]) 


( 2 . 16 ) 
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2.1.5. KULTIPiiASii DISCRiSTiiLY DISTRIBUTED SPECIES RCDELS : 

Equation (2.14) can be applied to more than one class 
of species. it merely requires summing this expression over 
all classes. 


2.1.6. RULTIPliASE - COhTIUUOUSLY DISTRIBUTED SPECIES hODSLS : 

This category of models provide the most general and 
realistic discription of flotation kinetics. The main diffi- 
culty in implementing these models lies in Equation (2.14) 
which after combining with the feed distribution in k cannot be 
integrated in a close form. Ball et al . (1970) got around this 

problem to some extent by converting the instantaneous distri- 
butions of particles in pulp, froth, and concentrate phases 
into time dependent absolute general moments. The nth moments 
in pulp, rroth and concentrate are defined as 


U (tj = f Pi ^K, t) dX 

„ P 
o ^ 




‘ K. tk, t) dk 

o 


T]^(t) = / M^(k, t) k" dk 


(2. 17) 

(2.18) 

(2.19) 


Multiplying throughout with k’^ and integrating over the range 
of k, Eqs. (2.11) to (2.13) are readily transformed into 

cx> 

/ d M (k, t)k^dk 

P ^ n ^ n 

= - / k M (k, t)k dk + h / M-(k, t)k dk 

o P o ^ 

( 2 . 20 ) 


dt 
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/ d (k, t) k^dk 

o 

dt 


/ k i‘i (k, t)K dk - n / x-j ^ k, t; k^dk 
P t 

o ^ o 


1 / >'x^.(k, t)k^'dk 

o 


d ik (k, t)k^dk 


dt 


= 1 / (k, t) k^dk 

o ^ 


Inserting equations { 2 , 11 ) to (2.19^ yields. 


d ,u.^ ( t) 



dt 

d 

Tn(t) 


at 

d 

n 

dt 


"t) + h ( t) 
n+i n 


” Ch + 1) "Ji^„(t) 

n+i n 


1 


( 2 . 21 ; 

( 2 . 22 ) 

(2.23) 

(2.24) 

(2.25) 


This incomplete set oi equations was closed with the help of 
i^a Guerre series approximation wnich provides an additional 
expression for siraul taneous solution of the above set (B. Ball, 
P.C. kapur and D.W. Fuerstenau, 1970). This closure unfortu- 
nately is quite crude and does not provide reasonable accurate 
solution. 


2.2. SIMULATION OF FLOTATION CIRCUITS : 

Any scheme for siniulation of flotation circuits has 
three main components feed specifications, flotation model and 
split factor, and circuit configuration, 

2.2.1. FLED SPECIFICATIONS : 


Fefsd can be described as a density function of three 
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Fig 2-2 SCHBMATIC OF FLOTATION CE.LL 


( Tn) 
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attributes, K tirst order flotation rate constant, k, < k < K 
and > 0 and < «>; l the particle size, and V the volume 
fraction of target mineral, 0 < v < 1. But continuous triva- 
riate distribution is neither easy t.o identify nor amenable to 
required manipulations in circuit modelling. Therefore we 
focus our attention on feed in single attribute, K first order 
flotation constant. Feeds are described by continuous distri- 
butions such as uniform, beta, gamma etc. Continuous distri- 
butions may be descretised into five or more intervals as error 
introduced is very little. Continuous distributions are sus- 
ceptible to more elegant, mathematical treatment than are dis- 
crete distributions. The essential property of a function of 
continuous random variable is that area under this curve is 
always equal to one. 

2.3. kODiSL OF A CCIVTINUOUS CBbL : 

A continuous flotation cell is one to which feed is 
continuously fed and concentrate and tailings are continuously 
drawn out (refer Figure 2.2). The cell is assumed to be a 
perfect mixer. Let h be first order rate constant for mass 
transfer from froth to pulp, 1 first order rate constant tor 
mass transfer from froth to concentrate, T = 1/t, t the resi- 
dence time of particles in the cell. Steady state mass balance 
equations for particles having flotation constant between 
k/k + dk are 

F(k) - k h (k) + h i-k(k) - T M (k) = 

p t P 


0 


(2.26) 
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A1 so 


k M (k) - h k. tk) - 1 A,(k) 
p f r 


K (k) = 1 in,(k) 

c t 


= u 


iie arranging trie terms 


(k) 


(h + 1) “p 


i”i (k) 


Substituting Zq. (2.29) in Sq. (2.26) 


= ‘ihViT + 


i.e. 


(2.27) 

(2.28) 


(2.29) 


(2.30) 


F(k) 


(hT + IT + kl) ,, ,, , 

(h + i) 


(2.31) 


( k) 


A (k) 

(h + 1) p 


(2.32) 


(i«^) 


T H (k) 


(2.33) 


Equations (2.31), (2,32) and (2.33) are the model equations ot 

a continuous ceil. The continuous cell is simulated by integ- 


rating w^(k) over all k 


A (k) 
c 


kl 


(hT + IT + kl) 


F(k) 


(2.34) 


OC‘ 

Fi = / Fi (k)dk 

c ^ c 

o 


kl 


(hT + IT + kl) 


F(k)dk 


(2.35) 


This format of the model is not convenient for multi-cell, 
multi-bank circuit. Our objective is to reformulate the model 
in differential equations in moments. 
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CHAPTER 3 

OBJECTIVES OF PRESE2mT STUDY 

The present study aims at developing models for conti- 
nuous flotation kinetics of a single cell and bank of cells 
respectively. The model formulation consists of an incomplete 
set of moment equations presented in the last chapter. we 
demonstrate a new technique for solving the incomplete set of 
moment equations by means of Pearson’s suite of moment equa- 
tions. For verification of our method the computed results 
are compared with analytical results wherever available. 
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CHAPTER 4 

FLOTATION HOD EL IN MOiHSi'^TS DOMAIN 

4.1. SIMULATION OF A FLOTATION CELL : 

The model equations governing the transfer of the diff- 
erential element of material, with rate constants between 
k/k+dk in a continuous single cell at steady state are 

k^U) = 

F(k) = (-qT^YJ A, u) ^^*2) 

p) 

L,(k) = T M,,(k) (4.3) 

Since we are interested in total ma,ss in each phase the foll- 
owing moments are defined. The moments of continuous distri- 
bution give more realistic description of the process than the 
descretized distributions. 


OC 


®n 

= / 
o 

F(k) 

k^ dk 

(4.4) 

^n 

oo 

= / 

O 

h (k) 
P 

k"^ dk 

(4.5) 


rxi 

^ s 

Mc(k) 

dk 

(4.6) 


where 

e is total mass of feed; 
o 

is total mass ct pulp i.s. holdup and 
T)q is total mass of concentrate. 
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Converting equations (4.1), (4.2) and (4.3) into moment equa- 

tions 


OC 


/ k (k)k^dk 
o ^ 


QO 

F(k)k^dk 

o 


/ - : -r (k)k^dk 

^ (n f 1) p 


1 k 

(h + 1) 


r-i 


(k)K^dk + T / h (k)k''dk 


n 


OC • 

/ H^(k)k”dk = T / i‘i (k)k^'dk 
o - o ^ 

^n = •%+! 

®n = I/'*'- %+! + ^ ■% 


(4.7) 

(4.8) 

(4.9) 

(4.10) 

(4.11) 

(4.12) 


Solving (4.10), (4.11) and (4.12) yields the desired informa- 

tion about feed, pulp, concentrate in moments form. In (4.11) 
h, 1, T and 9^ are known variables of the flotation process. 

To solve the equation, we put n = 0,1,2,... etc. 

= l/(h + 1) di + T d, (4.13a) 

O 1 o 

= i/(h + 1) ^2 ^2, (4.13b) 

02 ~ l/(h + 1) jJL ^ + T jj. 2 (4.13c) 


Thus there is always one more unknown than the number of equa- 
tions to be solved- One more equation is required for obtain- 
ing a unique solution. This problem of closure of incomplete 
set of equations can be tackled in 2 ways; 

(1) La-Guerre's approach and 

(2) Pearson's approach. 
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4.2. LA-GUSRR2*S APPROACH s 

La-Guerre‘s series approximation gives an approximate 
relationship between moments of a distribution function (3. 
Sail, P.C. Rapur and D.vv. Fuerstenau, 19 70) 


o 1 


2 - 

i 2i»it ^ "I ' 

o 2 1 


(4. 14) 


Equations (4.13a), (4.13b), (4.13c) and (4.14) can oe solved 

numerically on a computer. This closure was however found to 
be inaccurate. 


4.3. PEARSON'S CLOSURE APPROACH : 

Pearson's closure provides an exceptionally flexible 
relationship between various moments of a function. This rela- 
tion is used to close a set of incomplete moment equations. 


4.3.1. PEARS0NIA1\ DISTRIBUTION j 


Failure of normal distributions to fit many of distri- 
butions encountered in real life necessitated development of a 
generalised system of probability distributions. Karl Pearson 
put fortn a distribution which can represent almost all statis- 
tical distributions used in practice (Reference 1). 


dx 


(x - a)f 


(bo+ b^x 4 b2X ) 


(4.15) 


where f(x) is the density function and a, b^, b^, b 2 are dispo- 
sable parameters of the distributions. It is not necessary to 


take terms beyond b 2 x'^. Depending on Pearson's constants a. 
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end the above differential equation can give curve 

of various shapes. Pearsonian distribution may be converted 
into moment form as follows. Multiplying both sides by and 


integrating from 0 to 

4-00 

by 

parts 


°° n 2 

/ X (b + b,x + boX ) 

o 0 12 

d£ 

dx 

dx 

OO 

= / (x - a)x^f dx 

o 

(4. 16) 

[ Cb, -i b.x -i- boX'^)x f] 

O 1 

o 

OO 

/ 

O 

(nb x^“^ + (n+l)b.x^ 
o 1 


+ (n+2 ) b 2 X^'* ^ ) f dx = 

OG 

f 

J 

o 

ix 

- a)x'^f dx 

(4.17) 


Assuming higher order contact at extremities terms in square 
bracKets tend to zero. On simplification we have 

* "Vn-1 + ‘"+2)Vn+l + ^n+1 = ° 

4.3.2. rxOMKhT buUATlOhS ; 

Pearson's suite of moment equations are obtained by 
putting n = 0 to 4 . bince there are only 4 Pearson's constants 
to be determined, we put n = 0 to 3. The fifth equation obta- 
ined oy putting n = 4 verifies the Pearson's fit. 

n = 0: 

-au + 0 t b,u. + + T. =0 (4.19) 

o 1 o 2 1 1 

n = 1 ; 

-aju^ + + b^(242) + ^2 ~ (4.20) 

n = 2: 

-ado + b^(2a, ) + b- Odo) + bo(4do) + do = 

20l 12 23 3 


0 


(4.21) 
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n = 3 : 


-aa^ + b^(3AX„) + b. (4jLi^} t- b-(5,u.,, ) 

3 O 2 13 2 4 

n = 4 : 

-a.a^ + b^(4,a^) + b^(5u^) + b2(6a_) 

Equations 14.19) to (4.22) form a set of 
equations. (4.23) is a check equation, 
now put n = 0 to 4 in the model equation 


+ d , = 0 (4.22) 

+ u. = 0 (4.23) 

o 

non linear algebraic 
Correspondingly, we 
(4.11) . 


n = 0 : 


0 

o 


n = Ij 


o 


1 


n = 2 : 


s 


2 


(l/(h + ■" '^'^Q “ ^ 

(l/(n 4 l))ia 2 - = 0 

(1/h + l))d3 - Td^ = 0 


(4.24) 


(4.25) 


(4.26) 


n = 3 : 

6^ - (l/(h + l))d4 - Td3 = 0 (4.27) 

n = 4 : 

0, - (l/(h 4 l))a. - Til, = 0 (4.28) 

4 D 4 

how, we have 10 equations (4.19) to (4.23) and (4.24) to (4.28) 
and 10 variables d^ to dq a, b^, b^, b2. These equations 

can be readily solved on computer. 


4.3.3. SOLUTION OF ECUATIONS ; 

The algorithm employed is basically a single variable 
search on d^ tnat satisfies the check equation. This procedure 
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is employed to exploit the characteristic structure of this 
problem. 

( 1 ) Re ad h , 1 , T . 


(2) 

(3) 

u; 

(5) 


Read feed moments S to ©_ . 

o o 

Rake initial guess of noldup • 

Determine to .u_ using model equations (4.24) to (4.28) 
If variance of the normalised holdup distribution is 
negative then go to 3. 

u, 


holdup variance 


_2 

a ■■ ''a ' ■ 
o o 


(6) Solve (4.19) to (4.22) by Gauss’s elimination. 

(7) Substitute values of all variables in (4.23). 

(8) If (4.23) satisfied then ,a is the answer 

o 

else 


begin 


.u 


u +6 
■ o - 


Repeat steps 4 to 8 


end. 


(9) ri_ 


(h + 1) 


u . 


( 10 ) 


= T ^ 


(11) End, 


The correct is found by bisection method after bracketing 
the root. The search on simplifies the task immensely. 
Once is known, to ,u- are found from the model equations 
(4.24) to (4.28). Equations (4.19) to (4.22) are solved by 
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Gauss's elimination as 4 equations in 4 unknowns a, 

Equation (4.23) verities the Pearson's fit. In this way, a 
flotation cell is simulated using Pearson's closure. 


4.4. MODEL EwUATIOKS S'OR A BAImK OF CELLS : 


Consider a flotation bank with m cells in series. Let 
j = 2,3, For the first cell the model equations are 


•*. 1 


< k) 


1 k 


(h + 1 ) 


(k) 

P 


(4.29) 


F^(k) = (4.30) 

A^^,(k) = T A^(k) (4.31) 

i p 


Model equations in moment form are obtained by multiplying both 
sides by k^ and then integrating both sides from 0 to +oo 


* 1 
77 

n 


= l/(h + D/U. 


n+1 


6' 


n 

' 1 

?• 

"n 


l/(h + + T 


= T d 


n 


For j = 2 cell the model equations are 


Fvj^(k) - ^(h + 1) 


(k) 

c 


^ .1 M^(k) 

(h + 1) ^p^^^ 




T M (k) 
P 


(4.32) 

(4.33) 

(4.34) 


(4 . 35 ) 


(4 .36) 

(4.37) 


Converting the model equations into moment form, we have 
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n 

l/(f> . 

(4.38) 


• 1 

Zn 

1/Ch + 1)4^ + T jd^ 

n - 1 * 1 n 

(4.39) 


• 2 

z = 

n 

.. 2 

T U 

n 

(4.40) 

For any 

j = 2,3,, 

t m » g m 



' * J - 

n 

1/ih + 

n+i 

(4.41) 


• j-1 

n 

= l/(h H- ^n 

(4,42) 


^n = 

T iJ.^ 
n 

(4.43) 

For the last cell the model equations are 




/ k 1 , ,m, , , 

“ ‘(h + 1) * 

(4.44) 


iF(k) 

k 1 , .,m , T •, 

= (h TT) 

(4 .45) 


A™(k) 

= T i/"(k) 

P 

(4.46) 

Converting 

the model 

equations into moment form. 

we have 


* rn 

n ::s 

n 

l/(h + DdJJ 

(4.47) 


• m- 1 
z = 

n 

i/in -t ^ '^0 

(4.48) 


•m 

z = 

n 

.r« 

i u 

n 

(4.49) 

The model 

equations 

of bank or cells are solved 

using the same 

algorithm, 

used for 

a single cell. Total concentrate of the 


bank is 
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Total 


m 

S ri^ 


j = l 


T m 

Ch + 1) 

J = i 


tailing flow rate our of the bank is 




m 

o 


( 4 . 50 ) 


( 4 . 51 ) 
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CiiAPTiiR 3 


REbUAT'S 


The theory and procedure of solving the model equations 
have been discussed in Chapter 4. In this chapter verification 
of technique is demonstrated by using those distribution func- 
tions for which results can be derived analytically. Hence can 
be compared v^ith Pearson's closure method. 

Results consist of 2 parts; those pertaining to flota- 
tion 

{ 1 } Single flotation ceil 
(2) Bank of flotation cells. 

3.1. SlhGiiB i'LOi’ATiOh CjILiIj 

Feed to the single flotation cell is characterised by 
4 statistical distributions: 

1,1) Uniforiu distribution 

(2) Gamma distribution 

(3j Beta distribution 

(4) Aixed distribution of above. 

Parameters h, 1, T, (tne moments of feed) are the 
known parameters for a flotation cell, and (the moments 

of holdup and concentrate) and tailings flows are the unknowns. 
First, we present analytical expressions for and holdup. 
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5.1.1. FiiiiD BISTRIBUTIOivi iuOMEiNiTS, S ; 

' n 

(1) Uniform or rectangular distribution 

fCF) = -- - i -QiL . " . . < K < K (5.1) 

^u ' ^1 “ “ ~ ^ 

and are the variable parameters of this distri-* 
bution which yield different distributions (Figure 5«12)« 

Th e n th m ome n t is: 


o 


n 


K 

u 

/ f(^) dK 


n 


100 . ,,n 

I di\ 


h — K 1 
U A 


(5.2) 


n 


100 .. 1 , ,n+l .,n+l^ 

X _____ X (k - js.-, ) 


u 


- K-, (n+1) 


u 


(5.3) 


e = 100 

o 


0^ = 50 


We consider ail uniform distributions with normalised mean K 


50 


© 


o 


100 


0.5 


e.g. 

= 0 


K 

u 

1 

Ki 

• 

o 

II 

1 

XX = 

U 

0.9 

Dispersion 

index 

is 

defined 

as 


Dispersion Index = 


/Variance 


(Fie an) 


(5.4) 


Dispersion Index 


- e" 

O 2' 1 


©: 


(5.5) 



For K = 0, A =1 substitution of 8 , 6, and from equation 
1 u o' 1 2 


(5.3) gives Q z:. \00 6i ^12? ©a. 2 ^i^ 


dispersion Index 


<4^r - (50)2 

( 50)2 


(5.6) 


dispersion Index = 0.333 


It will be seen that dispersion tends to zero as 
tends to a point value (i.e. the impulse) or when all particles 
have identical flotation rate. 


(2) darmria distribution 


f (X) 


, w^^ .p-1 -wK 

100 — e 


(5.7) 


w and p are the variable parameters of this distribution 
u‘'iqure 5.13a) 


b = 100 

n 


D ^ 


(5.8) 


p + n 


(5.9) 


lence 


(p-1) 


- X - 
; w 


100 £ 
w 


(5. 10) 


And the normalised mean is 


(5.11) 



Again we consider only those gamma distributions which have 
mean K = 0.5, hence w = 2p, end 


e = 100 ---K t 

(3) Beta distribution 


( 2p) 


n 


(5.12) 


f (A) 


100 




(5.13) 


i; in 

0 < X < 1 

r, V are the variable paraineters of the distribution (Figure 
5. 13b) 


o 


n 


n 


100 Ir 4- 7] 

i; 155 


P (r + n, V) 


lUQ E.. + ‘‘"i 1^ + n 


r. 


r + u + n 


( 5 . 14 ) 


For n = 1 


= 100 


e = 100 — 

1 r 4 Ti 


(5.15) 


- ®i 

Normalised mean 1 < = ~ 

®o 


r 4 r? 


We have considered nine types of beta distributions with diff- 
erent mean K, as listed in Table 5.1. 




5r:=2, '7=3 


3-CK} 


X) (STRlBUTION 
C m,H-rrvx ^ i U 



+ 4aCK) c m, -+- no 


>■ = 3 , 1=2 
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Table 5.1. Beta distributions with different mean K 


r 

1 

1 

2 

1 

3 
1 

4 
2 
3 


n 

1 

2 

1 

3 
1 

4 
1 
3 
2 


mean K 

0.50 
0. 33 
0.66 
0. 25 
0.75 
0 . 20 
0.80 
0.40 
0.60 


(4) i-iixed feeds distribution; It is a mixture of 
two distributions having different mean K, in different propor- 
tions 

f (K) = (5.16) 

where = 1 (5.17) 

(refer Figure 5.13c). 

Two types of mixed feeds distributions are considered. 
(1) i^iixed feeds of uniform f,,(K; K-, = 0, K, = l) and beta 

U 1 ' U 

distribution f,, (K; r = 2, V = 3) , 

Moments of this mixed feeds distribution are: 


®n = -"i == TkZZJ ^ T5TI7 “"a - *^1 > 

U X 


+ m2 X 


100 It + ‘n I r + 


n 


(5.18) 


I ■y + Tj + n 
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(2) Mixed feeds of two beta distributions f^ (K; = 2, T}. 

= 3) and '^2 “ '‘*2 ~ * 

Its moments are: 


G = m, X 100 
n 1 


in^ X 100 


yi + ri^ 

I~1 + n 


iTi 

+ ■-,- + n 

1 

^ "■2 

> l"■'2 


'■2 *2 '2 ^ " 




(5.19) 


5.1.2. Mi^jrt.LY^ICAb COMPUTATION OP HOLDUP : 


The model equations for continuous ceil and bank of 
cells are solved by Pearson's closure technique. The validity 
of technique is confirnied by comparing the Pearson's holdup 
with analytically calculated holdup. Exact holdup for a single 
flotation cell is computed as follows. 


(1) Feed: Uniform Distribution 

The exact rotal holdup at steady state is 


U 


o 


or 


u u 

/ M (K) dK = (h + 1) / 

K, P K., 


F(K) 

(hT + IT -t- Kl") 


(5.20) 




I00(h + 1) , / hT + IT + K^l 

1(K - K,) ^ ^ ^ hT + IT + K,1 

U 1 


(5.21) 


(.2) Feed: Gamma Distribution 

Exact holdup cannot be found out for gamma distribution. 
Therefore numerical integration was employed to estimate 
the value of holdup using trapezoidal rule algorithm. 
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(3) Feed; deta Distribution 

The exact rotal holdup at steady state is 
1 1 


( K.) dK 
p 


+ 


Ch + 1) ,f -7 


B'iK) 


(hT + IT + Kl) 




'^o 1200(h + 1) / + IT + Kl) 

o 

For y = 3, T) =■ 2 the expression is 

K^(l-K) 


dK 


u. 


o 


120G(h + 1) / 


(hT + IT + Kl) 


(5.22) 


w. .1) \y + 'T! ^ (1 - K) ... 

= ■ iTirs o UT +''iT"+-Kl)" 

For -2, ''i = 3 the expression is 

2 


(5.24) 


(5.25) 


(4) Feed: Mixed Feeds Distribution 

Exact holdup for mixed feeds of uniform and beta distri- 
bution is 




o 


1 ~ hT + IT + K^l 

10U(h+l) 


t rn^ X 


r; 


« AX Hi, A. — AX 

o 


dK 


(5.26) 

Exact holdup for mixed feeds of two beta distributions 
with different means is 

L ri 1 

(1~K) 

j 

7 1 


fi -1 
1 


M- 


ioo(h+i) p~rir 1 ./r 

X — — / (hT +'lT*'+ KlJ 


nr frf 

^11 ^ 

100 (h+i) |r2 + "^ 1 k'^^'”^(1-k)^^^”^ 

^ *^*2 ^ ppj— ^ (hT + IT + Kl ) 


(5.27) 




^<3 ^"4" banik 


'T^±c.l Ccoce-otrcxte 





r LO TATI orsl C ells . 
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Figures 5.1 to 5.b show that the exact values of hold- 
ups are in good agreement with Pearson’s holdups for the cases 
discussed above. 

5.2. OF FLOT/iTION CELLS : 

Particulate feed to a flotation bank of cells has been 
characterised into 3 statistical distributions. 

Cl) Uniform distribution 
^2) Seta distribution 

(3) Lixed feeds of two beta distributions. 

Rates h, 1 and T are assumed to oe same in each cell 

of the bank. © is the feed to the first cell of the bank 

n 

(Figure 5.14). Concentrate recovered from a bank is the sum 
of concentrates from each cell. Particulate feed flows from 
one cell to the next cell of the bank. An analytical express- 
ion is derived for computation of holdup in jth cell of the 
bank. 

5.2.1. COMPUTATIOxm OF EXACT HOLDUP : 

In first cell of the bank, the model equations are 
(4.30) and (4.31). 


M^(K) 

P 

(h + 1) 

F^(K) 


(hT + IT + Kl) 


M,J(K) 

It 



M^(K) 

(h + 1)T 

(K) 

(5.28) 

“ (hT + IT + Kl) 


In second cell, the model equation is 
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(K) 


(h + 1 ) 


substitution of (5.28) yields 


ll'^(K) = 

P 


P 


(hT + IT 

•f 

K1 ) 

yields 



(h + 

1)2 

rp 

JL 

(hT + IT 

4- 

Kl) 2 

of the bank 

. the 

(h+1) ^ 


-1 

(hT + IT 

Hh 

Kl) 


* 1 , 




(5.29) 


(5.30) 


(5.31) 


end total hold-up is 




= / i-.^^K) dK 


P 


(5.32) 


The Pearson's and actual holdups are compared cell-wise 
in Figures 5.7 to 5.11. Peai'son's holdups are in good agree- 
ment with exact value of holdups for different types of feeds 
to the bank. 

The analytical expressions for total holdup (over all 
K's) in each cell are listed in appendix. 

Thus validity of Pearson's closure technique for sol- 
ving an incomplete set of moment equations has been demonstra- 
ted for a single cell and bank of cells. 
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Fig.5.1 Single flotation cell-feed in rectangular distribution. 




GAMMA DISTRIBUTION 
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Fig.5.3 Single flotation cell-feed in beta distribution. 




Fraction of first distribution in mixture, In m^fi ♦ (1-rTVi)f2 


Fig. 5.4 Single flotation cell-feed - two beta distribu- 
tions mixed in different proportions. 



Fraction of first distribution in mixture, m-i in rrvifR + (1-m^)f£ 


Fig.5.5 Single flotation cell-feed - beta and rectangular 
distributions mixed in different proportions. 
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Fig.5.6 Single flotation cell-feed beta and rectangular 


distributions mixed in different proportions. 
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Fig.5.7 Single bank- rectangular distribution 
No of cells /bank = 5 , T = 0.1 
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Fig. 5.9 Single bank - rectangular distribut 
No of cells /bank = 5 . T = 1 
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Fig. 5.10 Single bank -beta distribution (Gamma=1) 
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Figi5.11 Single bank- mixed beta distribution 
No of cells/ bank = 5 , T = 0.1 
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CHAPTER 6 


::ORCLUSIONS 


The Pearson's closure technique has been verified, 
using those functions for which analytical results are avail- 
able in the previous chapter. Therefore we infer, the Pearson's 
closure technique tor solving the incomplete set of moment 
equations, tnat arise in formulation of a flotation model, is 
guite accurate. 

it is concluded that this could be a powerful and ver- 
satile metnod for modelling flotation circuits. 
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DATE 3!/IO/1tfO 


FOR CONTINUOUS TYPE OF FLOTATION CELL 
h •! , 1 ■3i T *0.1 

Analytical axprasaion for holdup in a aingl* call i« 


<h f 1) 


Mp(k) F (k) 

\(J hT IT -f Kl) 

Mp " faad in ractangular distribution 

Mp » ^/flpCk) dK For faad in bata distribution 


FEED IN RECTANGULAR DISTRIBUTION 
HEAN K-0.5 


NO 

INTERVAL 

Ku -K1 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP 

t 

0. 000-t .000 

1 . 00 

283.81 

-0.0001 

285.34 

S 

0. t 00-0.900 

0.80 

247.83 

0.0001 

248.01 

3 

0. 175-0.825 

0.65 

232.58 

0.0000 

232.62 

4 

0.250-0.750 

0.50 

222.61 

-0.0005 

222.61 

5 

0.325-0,675 

0.35 

217.24 

0.0001 

216.14 

S 

0.400-0.600 

0.20 

212.42 

0.0001 

212.30 

7 

0.450-0.550 

0.10 

210.90 

0.0001 

210.97 

e 

0.475-0.525 

0.05 

210.64 

0.0000 

210.64 

S 

0.490-0.510 

0.02 

210.55 

0.0001 

210.54 


FOR CONTINUOUS TYPE OF FLOTATION CELL 

h *1. I *3, T »0.1 

FEED IN CAHMA DISTRIBUTION 
HEAN K^Q.S 


NO 

N 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP (NUMERICAL) 

1 

1 

339.57 

0.0000 

339.55 

2 

2 

279.93 

0.0000 

280.10 

3 

3 

256.84 

0.0000 

256.90 

4 

4 

245.03 

0.0000 

244.60 

5 

5 

237.96 

0.0000 

236.14 

6 

6 

233.26 

0.0000 

233.00 

7 

8 

227.45 

0.0000 

287.72 

8 

1 0 

223.99 

0.0000 

224.36 

9 

15 

219.43 

0.0000 

220.06 

10 

20 

217.18 

0.0000 

216.91 

1 1 

25 

215-83 

0.0000 

215.49 

12 

30 

214.94 

0.0000 

214.91 

13 

35 

214.31 

0.0000 

214.84 

FOR 

CONTINUOUS TYPE OF FLOTATION CELL 



h 1 T -0. I 

FEED IN BETA DISTRIBUTION 



NO 

CAHHA 

ETA 

MEAN K 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP 

1 

1 

T 

0 .SO 

883.81 1 1 

0.0000 

885.4364 

a 

1 

a 

0.33 

378.7507 

0.0000 

380.3870 

3 

1 

3 

0 .as 

445.1530 

0.0000 

446.5559 

4 

t 

4 

0 .80 

495.6951 

0.0000 

497.0039 

s 

8 

t 

0.67 

190.4413 

0.0000 

190.5498 

6 

3 

t 

0.75 

161 .871 1 

•“0.0003 

161 .8901 

7 

4 

1 

0.60 

148.9964 

-0.0001 

149.0118 

& 

8 

3 

0.40 

895.1758 

0.0000 

895.8119 

9 

3 

a 

0.60 

800.5183 . 

-0.0001 

800.5865 


FOR CONTINUOUS TYPE OF FLOTATION CELL 


h -1 , 1 -3, T -0. 1 


MIXED 

FEED OF 

TUO 

BETA 

DISTRIBUTIONS 

BETA1 

- CAMMA-a , 

ETA-3 

, MEAN 

K- 0.4 

BETAS 

- CAMMA«3 , 

ETA*a 

, MEAN 

K-0.6 

BETA1 

: BETAS * ml 

: mS 




NO 

ml 

mS 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP 

1 

0.10 

0 .90 

810.03 

0 . 0000 

810.00 

8 

0.80 

0.80 

819.58 

0.0000 

219.46 

3 

0.S5 

0.75 

284.25 

0.0000 

884.80 

4 

0.30 

0.70 

888.97 

0.0000 

228.93 

5 

0 . 40 

0.60 

838.37 

0.0001 

838.40 

FOR 

CONTINUOUS TYPE 

OF FLOTATION CELL 



h - 

1, 1 -3, 

T -0. 1 




HIXED FEED OF 

BETA AND RECTANGULAR 

DISTRIBUTION 

BETA1 - CAHHA-2 , 

ETA-3 A MEAN K- 

0.4 


Kl^ 

0 , Ku» 

1 




RECTANGULAR 

: BETA1 

» ml :m8 



NO 

ml 

m2 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP 

1 

0.10 

0.90 

894,16 

0.0000 

294. 19 

8 

0 .80 

0.80 

898.83 

0.0000 

■ 293.21 

3 

0.85 

0.75 

292.13 

0.0000 

892.72 

4 

0.30 

0.70 

891 .45 

0.0000 

292.82 

5 

0 .40 

0.60 

290,11 

0.0001 

291 .24 


FOR CONTINUOUS TYPE OF FLOTATION CELL 
h -1, 1 »3, T «0.1 



5 4 


MIXED FEED OF 
BETAl - CAMMA-2 , 
Kl- 0.S5 , Ku-0.75 

BETAl ! RECTANGULAR 


BETA AND RECTANGULAR 
ETA-3 , MEAN K- 0.4 

■ m 1 : i«2 


DISTRIBUTION 


NO 

ml 

m2 

PEARSON HOLDUP 

ERROR 

EXACT HOLDUP 

1 

0.10 

0.90 

229.48 

0 . 0000 

229.86 

S 

0.20 

0.80 

236 . 64 

0 . 0000 

237. 12 

3 

0.25 

0.75 

240.30 

0 .0000 

240.74 

4 

0.30 

0.70 

243.99 

0 . 0000 

244.37 

5 

0.40 

0 .60 

251 .42 

0 .0000 

251 .63 



ANALYTICAL EXPRESSIONS 


Analytical axpraaaion for holdup in lot call of th# bank ia 
(h + 1) 

Mp( k ) F ( k ) 

' ( hT + IT + Kl) 

Mp «• ^JHpCk) dK For feed in rectangular distribution 
) 

Hp » j^Hp(k) dK For feed in beta distribution 

Analytical expression for holdup in find cell of the bank is 

2 

(h + 1 ) T 

Hp(k) F (k) 

( hT + IT t Kl>^ 

Ku 

Mp « ^JMp(k) dK For feed in rectangular distribution 

1 

Mr, ■ /Mr,(k) dK For feed in beta distribution 

r 0 ^ 

Analytical expression for holdup in 3rd cell of the bank is 

3 a 

(h 1) T 

Mp(k) F (k) 

^ ( hT + IT + KIJ^ 

Ku 

Mrs - ,,lHr>(k) dK For feed in rectangular distribution 

r Kl “ 

I 

M “ /M~(k) dK For feed in beta distribution 

? o P 

Analytical expression for holdup in 4th cell of the bank is 

^ 3 

(h + 1) T 

„ (k, F <k> 

(hT+lT+Kl) 

K<ji 

Mp "^,iMp(k) dK For feed in rectangular distribution 
Mp " distribution 

Analytical expression for holdup in 5th cell of the bank is 

S XL 
(h + 1) 

„ (k) (k) 

^ < hT + IT + KD® 

K<4 

H » /m (k) dK For feed in rectangular 

^ K, ^ 


distribut ion 
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«P 



( k ) dK 


For feed In beta distribution 


DATE 1/11/90 


SINGLE BANK WITH 5 CELLS 
UNIFORH DISTRIBUTION K1 *0.0 Ku *1.0 
h*1 ; 1-3 ; T-O.i 


NO 

HOMENT INDEX FEED(2) 

HOLDUP (HEWO) 

CONCENTRATE ( ETA ) ERROR 

EXACT HOLDUP 

1 

0 

100. 0000 

283.01 10 

71 .6189 

0.00021 

285.3420 


1 

50 . 0000 

95.4919 

40.4508 




2 

33.3333 

53 . 9344 

27 . 9399 




3 

25. 0000 

37.2532 

21 .2747 




4 

20 . 0000 

28 . 3662 

17.1 634 




5 

1 6 . 6667 

22.8845 

14.3782 



Z 

0 

26.3811 

1 13.3230 

17. 0408 

0 . 00045 

1 17.6470 


1 

9.5492 

22.7317 

7 . 2760 




2 

5.3934 

9.7014 

4.4233 




3 

3 . 7253 

5.8977 

3. 1355 




4 

2 . 8366 

4 , 1 807 

2.4186 




S 

2.2805 

3 . 2247 

1 . 9660 



3 

0 

1 1 . 3323 

60 . 7440 

5.2579 

0.05843 

65.7440 


1 

2.2732 

7.0105 

1 .5721 




2 

0 . 9701 

2 . 0962 

0 .7605 




3 

0.5898 

1.0140 

0 .4084 




4 

0.4181 

0.6512 

0.3530 




5 

0.3225 

0 . 4706 

0.2754 



4 

0 

6 . 0744 

39.5200 

2. 1224 

0, 00000 

44.3720 


1 

0.7011 

2.8299 

0.4181 




2 

0 . 2096 

0.5574 

0 .1539 




3 

0.1014 

0.2052 

0 . 0009 




4 

0. 0651 

0 . 1 078 

0.0543 




5 

0 . 0471 

0,0724 

0 . 0398 



5 

0 

3.9520 

20 , 6740 

1 . 0846 

0 .00000 

33.3270 


1 

0 . 2830 

1 .4461 

0 . 1384 




2 

0 . 0557 

0. 1845 

0.0373 




3 

0 0205 

0 . 0497 

0.0155 




4 

0.0108 

0,0207 

0 .0087 




S 

0. 0072 

0.0116 

0.0061 



the 

tails 

in the bank are 2. 

8674 




the 

total 

concentrate is 97. 

13260 




the 

total 

holdup is 526.07200 






SINGLE BANK WITH 5 

CELLS 




UNIFORH 

DISTRIBUTION K1 =0. 

1 Ku *0.9 




h«1 

i 1 

-3 J T-0.1 





NO 

HOHENT INDEX FEED(Z) 

HOLDUP (NEUO) 

CONCENTRATE(ETA) ERROR 

EXACT HOLDUP 

1 

0 

100. 0000 

247.8330 

75.2167 

0.00067 

248.0130 

1 

50.0000 

1 00.2889 

39.971 1 
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2 

3 

4 

5 

30.3333 

20.5000 

14 . 7620 
11.0717 

53.2948 

33.3385 

22 . 0882 
16.6309 

25.0039 

17. 1662 
12.4732 
9.4086 



2 

0 

24 . 7833 

73.3560 

17.4477 

0.00021 

73.7330 


! 

10. 0289 

23 . 2636 

7.7025 




2 

5.3295 

10.2700 

4.3025 




3 

3. 3330 

5.7366 

2.7602 




4 

2 . 2888 

3.6802 

1 . 9200 




S 

I . 6631 

2.5611 

1 .4070 



3 

0 

7.3356 

25.3600 

4.7996 

0.00036 

25.0230 


1 

2.3264 

6.3995 

1 . 6864 




2 

1 . 0270 

2,2486 

0 .8021 




3 

0.5737 

1 . 0695 

0.4667 




4 

0 . 3680 

0 . 6223 

0 . 3058 




S 

0.2561 

0.4077 

0.2153 



4 

0 

2.5360 

12.0090 

1 . 3351 

0 . 00000 

10.2470 


1 

0.6399 

1 . 7001 

0.4619 




2 

0.2249 

0.6159 

0. 1633 




3 

0 . 1 070 

0.2177 

0.0852 




4 

0 . 0622 

0.1136 

0 . 0509 




S 

0 . 0400 

0. 0670 

0 . 0340 



5 

0 

1 . 2009 

5.9520 

0.6057 

0.00389 

4.4310 


1 

0 . 1 780 

0 .8076 

0 . 0973 




2 

0.0616 

0 . 1 297 

0 . 0406 




3 

0 . 0218 

0 . 0648 

0.0153 




4 

0.0114 

0 . 0204 

0.0093 




5 

0 . 0068 

0. 0124 

0 . 0055 



thw 

t«Hs In the 

bank are 0, 

5952 




th» 

total concentrate is 99. 

40480* 




th# 

total holdup 

Is 364.51000 





SINGLE BANK WITH 5 

CELLS 




UNIFORM DISTRIBUTION K1 *0. 

175 Ku -0 

. 825 



h- 1 

; 1-3 ; 

T*0 . 1 





NO 

MOMENT INDEX 

FEED(Z) 

HOLDUP (MEWO) CONCENTRATE ( ETA 1 ERROR 

EXACT HOLDUP 

1 

0 

1 00 . 0000 

232,5830 

76.7417 

0.00100 

232.6100 


1 

50 . 0000 

1 02 . 3223 

39 . 7678 




2 

28 . 5208 

53. 0237 

23.2105 




3 

17.7813 

30.9579 

14.6855 




4 

1 1 . 7544 

19.5806 

9 . 7963 




5 

0.0839 

13.0618 

6.7777 



2 

0 

23.2583 

60 . 1000 

17.2483 

0.00016 

60. 1650 


1 

10.2322 

22.9977 

7.9325 




2 

5.3024 

1 0.5766 

4.2447 




3 

3 . 0958 

5.6596 

2.5290 




4 

1 .9581 

3.3731 

1 .6207 




5 

1 .3062 

2.1610 

1 . 0901 



3 

0 

6.0100 

18.7660 

4.1334 

0.00000 

17.1940 


1 

2.2998 

5.5112 

1 .7487 




2 

1 . 0577 

2.3315 

0.8245 




3 

0.5660 

1 . 0993 

0,4560 




4 

0.3373 

0.6060 

0.2765 




5 

0,2161 

0. 3687 

0.1792 
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4 

0 

1 .8766 6.2650 

1 .2501 

0 . 00950 

5.3450 


1 

0 . 55T 1 1 . 666B 

0 . 3844 




2 

0.2332 0.5126 

0.1819 




3 

0 1099 0.2425 

0 . 0057 




4 

0.0600 0.1142 

0. 0494 




5 

0.0369 0.0658 

0 . 0303 



5 

0 

0.6265 2.2040 

0 .4061 

0. 00001 

1 .7740 


t 

0.T66T 0.5415 

0.1125 




2 

0 . 0513 0. 1500 

0. 0363 




3 

0.0243 0.0483 

0.0194 




4 

0.0114 0.0259 

0. 0080 . 




5 

0.0066 0.0118 

0.0054 



the 

tails 

In the bank are 0.2204 




the 

total 

concentrate is 99.77960 




the 

total 

holdup is 319.91800 






SINGLE BANK WITH 5 CELLS 




UNIFORM 1 

DISTRIBUTION K1 -0.25 Ku -0.75 




h»1 

; 1* 

■3 ; T-0.1 





NO 

MOMENT 

INDEX FEED(Z) 

HOLDUP (MEWO) 

CONCENTRATE ( ETA ) ERROR 

EXACT HOLDUP 


1 

0 

1 00 .0000 

222 . 6070 

77.7393 

0 .00003 

222.6130 



1 

50 . 0000 

1 03.6524 

39.6340 





2 

27.0833 

52.8463 

21 . 7987 





3 

1 5 . 6250 

29 . 0649 

12.7105 





4 

9.4531 

1 6 . 9580 

7.7573 





5 

5.9245 

10.3431 

4.8902 




2 

0 

22.2607 

53.0540 

16.8753 

0 . 00000 

52.5020 



1 

1 0 . 3652 

22.5004 

8.1152 





2 

5.2846 

10.8203 

4.2026 





3 

2.9065 

5. 6035 

2.3461 





4 

1 .6958 

3. 1282 

1 .3830 





5 

1 . 0343 

1 .8440 

0.8499 




3 

0 

5.3854 

13.8530 

4.0001 

0.01643 

13.0930 



1 

2 . 2500 

5.3335 

1.7167 





2 

1 . 0820 

2.2889 

0.0531 





3 

0.5603 

1 . 1375 

0.4466 





4 

0.3128 

0.5955 

0.2533 





S 

0 . 1 844 

0.3377 

0 . 1506 




4 

0 

1 . 3853 

3.6140 

1 . 0239 

0.00153 

3.4350 



1 

0.5333 

1 . 3652 

0.3968 





2 

0.2289 

0.5291 

0.1760 





3 

0.1138 

0.2346 

0.0903 





4 

0.0595 

0. 1204 

0 . 0475 





5 

0.0338 

0.0633 

0.0274 




5 

0 

0.3614 

0.8940 

0.2720 

0.00000 

0.9410 

i 


t 

0.1365 

0.3627 

0.1003 





a 

0.0529 

0.1337 

0.0395 





3 

0. 0235 

0.0527 

0.0182 





4 

0.0120 

0.0243 

0.0096 





5 

0.0063 

0.0128 

0.0051 





th* t«il* in th^ bank are 0.0894 
the total concentrate i» 99.91060 
the total holdup %% S94. 02200 
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SINGLE BANK WITH 5 CELLS 
UNIFORM DISTRIBUTION KI -0.325 Ku -0.675 

h-1 ; 1-3 ; T-0.1 


NO 

HOHENT INDEX FEED(2) 

HOLDUP (HEWO) CONCENTRATE ( ETA ) ERROR 

EXACT HOLDUP 

1 

0 

1 00 . 0000 

217.8380 

78.8762 

0.00001 

216.1440 


t 

50 . 0000 

1 04.3683 

39 . 5632 




a 

as . oao8 

52.7509 

80.7457 




3 

14.0313 

27.6610 

1 1 .2652 




4 

7.8000 

15.0202 

6.2980 




S 

4.4479 

8.3973 

3.6082 



S 

0 

ai . 7838 

49.4010 

16.7837 

0 . 00989 

47.9850 


1 

1 0 . 4368 

22.3783 

8.1990 




a 

5.2751 

10.9320 

4.1819 




3 

a . 7661 

5.5759 

2.2085 




4 

1 . 5020 

2.9447 

1 .2076 




5 

0.8397 

1.6101 

0.6787 



3 

0 

4 . 9401 

12.2050 

3.7196 

0.00514 

10.9370 


1 

2.2378 

4 . 9595 

1.7419 




a 

1 . 0932 

2.3225 

0.8609 




3 

0 . 5576 

1 . 1479 

0.4428 




4 

0 . 2945 

0 . 5904 

0.2354 




s 

0.1610 

0.3139 

0. 1296 



4 

0 

1 . 2205 

3.2240 

0 . 8981 

0 . 00285 

a. 5560 


1 

0 . 4959 

1 . 1 975 

0 . 3762 




a 

0.2323 

0.5016 

0.1821 




3 

0.1140 

0.2428 

0. 0905 




4 

0 . 0590 

0 . iao7 

0 . 0470 




5 

0.0314 

0 . 0626 

0.0251 



S 

0 

0 . 3224 

0 . 3000 

0.2924 

“0.00002 

0.6120 


t 

0.1197 

0 . 3899 

0 . 0008 




a 

0 . 0502 

0 . 1 077 

0 . 0394 




3 

0 . 0243 

0 . 0525 

0.0190 




4 

0.0121 

0 . 0254 

0 .0095 




5 

0 . 0063 

0.0127 

0 . 0050 



t h# 

tails In the 

bank are 0. 

0300 




t h« 

total concentrate is 99. 

97000 




th# 

total holdup 

Is 282.36600 





SINGLE BANK WITH 5 

CELLS 




UNIFORH DISTRIBUTION Kl *0. 

4 Ku *0.6’ 




h«1 

; I«3 ; 

T»=0 . 1 





NO 

HOMENT INDEX 

FEED(Z) 

HOLDUP (MEMO) 

CONCENTRATE(ETA) ERROR 

EXACT HOLDUP 

1 

0 

1 00 . 0000 

212.4110 

78.7589 

0.00000 

212.3020 


1 

50 . 0000 

1 05. 01 19 

39.4988 




a 

25.3333 

52.6651 

20 . 0668 


' 


3 

13. 0000 

26.7558 

1 0.3244 




4 

6 . 7520 

13.7659 

5 . 3754 




5 

3.5467 

7.1 672 

2.8299 



2 

0 

21 .2411 

45.5770 

16.6834 

0.00027 

45.4550 




1 

a 

3 

4 

5 

10.5012 

5.2665 

2 . 6756 

1 . 3766 

0.7167 

22.2445 

1 1 . 0356 

5 . 5506 

2 . 8274 

1 . 4585 


8.2767 

4.1629 

2 . 1205 

1 . 0939 
0.5709 




3 

0 

4.5577 

9 . 9000 

3 

.5677 

0 . 0001 0 

9.8140 



1 

2.2245 

4.7569 


1 .7488 






1 . 1 036 

2 . 3317 


0 . 8704 





3 

0 . 5551 

1 . 1605 


0 . 4390 





4 

0 . 2827 

0 . 5853 


0.2242 





5 

0 . 1 458 

0 . 2969 


0.1160 




4 

0 

0.9900 

2. 1860 

0 

.7714 

0 . 00004 

2. 1370 



1 

0 , 4757 

1 . 0285 


0.3728 





e 

0.2332 

0 . 4971 


0 . 1 835 





3 

0.1161 

0 . 2446 


0.0916 





4 

0 . 0585 

0 . 1 221 


0 . 0463 





5 

0 . 0299 

0.0618 


0 . 0237 




5 

0 

0.2186 

0 .3000 

0 . 

1 886 

-0 . 00031 

0.4690 



1 

0 . 1 029 

0.2515 


0.0777 





E 

0 . 0497 

0 . 1 036 


0 . 0394 





3 

0 . 0245 

0 . 0525 


0.0192 





4 

0.0122 

0 . 0256 


0 .0097 





5 

0.0062 

0.0129 


0.0049 




th# 

tall# In th# 

bank nr# 0.0300 







th# 

total concantrat# la 99.97000 






th# 

total holdup 

is 270.37400 








SINGLE 

: BANK WITH 5 CELLS 






UNIFORH DISTRIBUTION K1 «0.45 

Ku «0.55 






h«1 

; 1-3 ; 

T»0 , 1 








NO 

MOMENT 

INDEX FEED(Z) 

HOLDUP (MEWO) 

CONCENTRATE (ETA) ERROR 

EXACT HOLDUP 

1 

0 

1 00 .0000 

21 0 . 9720 

78 .9028 

0 . 00000 

21 0 . 9650 


1 

. 50.0000 

1 05.2037 

39.4796 




2 

25 . 0833 

52. 6395 

19.8194 




3 

12.6250 

26 .4258 

9.9024 




4 

6 . 3751 

13.3099 

5.0441 




5 

3.2295 

6.7255 

2.5569 



2 

0 

21 . 0972 

44.6070 

16.6365 

0 .00001 

44.5990 


1 

1 0.5204 

22. 1820 

8.3022 




2 

5.2640 

1 1 . 0696 

4.1570 




3 

2.6426 

5.5427 

2.0883 




4 

1.3310 

2.7844 

1 . 0525 


- 


5 

0.6726 

1 .4034 

0.5322 



3 

0 

4.4607 

9.4540 

3.5153 

0.00001 

9.4480 


1 

2.2182 

4.6871 

1 .7495 




2 

1 . 1 070 

2.3327 

0.8737 




3 

0.5543 

1.1649 

0.4378 




4 

0.2784 

0.5837 

0.2201 


! 


5 

0.1403 

0.2934 

0. m 0 



4 

0 

0 . 9454 

2.1000 

0.7354 

-0.00054 

2.0060 


1 

0.4687 

0.9805 

0.3707 




2 

0.2333 

0.4942 

0. 1838 




3 

0.1165 

0.2451 

0.0920 




4 

0 . 0584 

0. 1226 

0.0461 





5 

0 . 0293 

0.0615 

0 . 0232 




5 0 

0.2100 

0.3000 ( 

).1800 

0.00004 

0.4270 


t 

0 . 0981 

0.2400 

0.0741 


1 


2 

0 . 0494 

0. 0987 

0.0395 




3 

0 . 0245 

0.0527 

0.0192 




4 

0. 0123 

0.0257 

0.0097 




5 

0. 0061 

0.0129 

0.0049 




th<r tails in the 

bank are 0 

. 0300 





the total concentrate is 99 

. 97000 





the total holdup 

is 267.43300 





SINGLE BANK WITH 

5 CELLS 





UNIFORM DISTRIBUTION KI -0 

.475 Ku -0.525 





h*»1 ; 1*3 ; 

T-0. 1 






NO HOMENT INDEX 

FEED(Z) 

HOLDUP (MEWO) 

CONCENTRATE(ETA) ERROR 

EXACT HOLDUP 


1 0 

1 00 . 0000 

210.6360 

78,9364 

0.00000 

210.6360 


1 

50 . 0000 

105.2485 

39.4751 




2 

25. 0208 

52.6335 

19.7575 




3 

12.5313 

26.3433 

9.0969 




4 

6.2813 

13.1 959 

4.9617 




S 

3.1511 

6.6156 

2.4095 




Z 0 

21 . 0636 

44.3910 16 

.6245 

0.00000 

44.3900 


t 

1 0 . 5249 

22. 1660 

8.3083 




2 

5. 2634 

1 1 . 0777 

4 .1556 




3 

2. 6343 

5.5408 

2 . 0803 




A 

1.3196 

2.7737 

1 . 0422 




S 

0.6616 

1 .3896 

0.5226 




3 0 

4 . 4391 

9.3600 3 

.5031 

-0.00001 

9.3600 


1 

2.2166 

4 . 6708 

1 .7495 




2 

1 . 1 078 

2.3327 

0.8745 




3 

0 . 5541 

1 . 1 660 

0.4375 




4 

0 . 2774 

0.5833 

0.2190 




5 

0 . 1 390 

0.2920 

0 . 1 090 




4 0 

0 . 9360 

2.0000 0 

. 7360 

“0 . 00013 

! . 9750 


1 

0 , 4671 

0.9813 

0 .3689 




2 

0 . 2333 

0.4919 

0 . 1841 




3 

0.1166 

0.2454 

0 . 0921 




4 

0 . 0583 

0 . 1 227 

0 . 0461 




5 

0 . 0292 

0.0614 

0 . 0231 




S 0 

0 . 2000 

0.3000 0 

. 1 700 

-0.00001 

0.4170 


1 

0 . 0981 

0 . 2267 

0 . 0755 




2 

0 . 0492 

0 . 1006 

0 . 0391 




3 

0 . 0245 

0 . 0522 

0.0193 




4 

0.0123 

0 . 0258 

0.0097 




5 

0 . 0061 

0.0129 

0 . 0048 



rnml 

the tails in the 

bank are 0. 

0300 





the total concentrate is 99. 

97000 





the total holdup 

is 266.68700 





SINGLE 

BANK WITH 5 

: CELLS 





UNIFORM DISTRIBUTION Kl «0. 

49 Ku -0.51 






h-t 


; 1-3 


T*0 . 1 



NO 

NOfICNT 

INDEX rEEDcri 

HOLDUP (NEWO) 


CONCENTRATE 1 ET8 1 ERROR 

EXACT HOLDUP 

I 

0 

1 00. 0000 

21 0.5440 


78.9456 

0 .00000 

21 0.5440 


1 

50 . 0000 

1 05.2600 


39 . 4739 




E 

C5 . 0033 

52.6319 


1 9 .7401 




3 

1 E . 5050 

26 , 3202 


9.0730 





0 . 2550 

13 . 1690 


4 . 9306 




S 

3 . 1292 

6 .5040 


2 . 4707 



Z 

0 

21 . 0544 

44 . 3320 

16 

.6212 

“0 . 00001 

44 , 3320 


1 

1 0 . 586 I 

2? . 1616 


8 . 3099 




e 

5 . 8632 

1 1 . 0799 


4. 1552 




3 

2 . 6320 

5.5403 


2 . 0700 




4 

1.3164 

2.7707 


1 . 0393 




5 

0 . 6585 

1 .3058 


0.5199 



3 

0 

4.4332 

9.3350 

3 

.4997 

0 .00000 

9.3350 


1 

2.2162 

4.6663 


1 .7495 




3 

1 . 1 000 

2 . 3327 


0 . 0747 




3 

0 . 5540 

1 . 1663 


0 .4374 




4 

0 . 2771 

0.5832 


0.2187 




5 

0 . 1 386 

0.2917 


0 . 1 094 



4 

0 

0 .9335 

2 . 0000 

0 . 

.7335 

-0. 00002 

1 .9660 


1 

0 . 4666 

0 . 9780 


0 .3688 




E 

0 . 2333 

0.4918 


0.1041 




3 

0.1166 

0.2455 


0 . 0921 




4 

0 . 0583 

0. 1220 


0 . 0460 




5 

0 . 0292 

0.06 14 


0 . 0230 



S 

0 

0.2000 

0 . 3000 

0 . 

1 700 

0 . 00003 

0.4140 


1 

0 . 0978 

0.2267 


0 . 0751 




2 

0 . 0492 

0. 1 002 


0 . 0392 




3 

0 . 0245 

0 . 0522 


0.0193 




4 

0.0123 

0.0250 


0 .0097 




5 

0.0061 

0.0129 


0 . 0048 




th# tails In tha bank are 0.0300 
th« total concentrate Is 99.97000 
the total holdup is 366.51100 



DATE 1 / 1 t / 9 0 


^ I NGi F u I rn s cn i 9 


UNIFORH DISIRIFUnON Kl - 0 0 Ku“ 1.0 


ha 

1 ; 1- 

3 , T -0 5 




NO 

HOHENT 

INDEX FEED(4) 

HOLDUP (MEUO) CONCENTRATE ( ETA ) ERROR EXACT HOLDUP 

1 

0 

100 0000 

122 1667 

38.9166 

-0.00012 122.1721 


1 

S 0 . 0 0 0 0 

51 8S89 

24 . 0556 



2 

33 3333 

32 . 0741 

17 2963 



3 

2S 0000 

23 0617 

13.4691 



4 

20 0000 

1 7 . 9589 

1 1 . 0206 



5 

1 6 . 6 6 6 7 

14 6941 

9,3196 


2 

0 

61 0834 

79 . 9752 

21 . 0958 

0.00027 80.0000 


1 

25 . 9444 

28 1277 

1 1 . 8806 



2 

16 0370 

15.8408 

8.1167 



3 

11 5309 

1 0 . 8222 

6.1197 



4 

8.9794 

8 . 1597 

4 . 8996 



5 

7.3470 

6 5328 

4 . 0806 


3 

0 

39 , 9876 

55.8189 

12.0781 

-0.51076 56.0000 


1 

14 0638 

16. 1042 

6.0118 



2 

? 9804 

8,0157 

3 9125 



3 

5.4111 

5 2167 

2.8027 



4 

4 0798 

3.7370 

2,2113 



S- 

3 2664 

2 . 9485 

1 .7922 


4 

0 

27 .9095 

41 0903 

7.3643 

0.00000 41.6000 


1 

8. 0521 

9.8191 

3. 1425 



2 

4 . 0078 

4 1901 

1 9128 



3 

F 6 0 9 4 

2 5504 

t . 3332 



4 

t 8685 

1 . 7775 

0 9797 



5 

1.4742 

1 . 3063 

0.8211 


5 

0 

2 0 .5451 

31 5016 

4 7943 

0.00001 32.4800 


1 

4 9095 

6 . 3935 

1.7133 



2 

2 0950 

2 . £844 

0.9528 



3 

1 2 75 2 

1 2704 

0 , 6400 



4 

0 . 8 8 8 8 

0 85.3 3 

0 . 4621 



5 

0 6532 

0.6161 

0.3451 



th* tail‘d in tt.A b^i.i Ate I '^>.7 5 08 
t h € total concentrate i AJ 't ^7 4 9 F; 0 
the total holdup 1*5 3T0 55769 

SINGLE BANK UIIH 5 CELLS 
UNIFORH DISTRIBUTION Kl= 0.1 Ku= 0.9 


h»1. ; a**3 ; T-0 


NO HOHENT 

INDEX FEEDtZ) 

HOLDUP (MEUO) 

CONCENTRATE (ETA) ERROR 

EXACT HOLDUP 

1 0 

100.0000 

119. 1077 

40.4462 0.00044 

119.1089 

1 

SO 0000 . 

53. 9282 

23,0359 


2 

30 3311 

30.7145 

14.9761 


3 

.'0 ‘".0 0 0 

19 9681 

10.5160 


4 

1 4 ; 6 r; 0 

1 4 021 3 

7.7514 


S 

1 1 . 0 n 7 

10.3352 

5.9041 




64 


2 

0 


C T _ C. 5 

74 0003 

22.5537 

0. 001 17 

74.0056 


t 


c‘ ii 9 6 41 

30 . 0 71 6 

1 1 . 9283 




2 


IE 3'-. r.? 

15 9044 

7 4051 




3 


0 9'VjO 

9 A / ^ 4 

5 04 7 3 




4 


; 0 1 u 6 

T l^'•08 

3 6 45 7 




5 


E )6/b 

o 

2.7371 



3 

0 


37 0001 

47 9085 

13. 0459 

0 . 09772 

47.9222 


1 


IE 03E8 

17 3045 

6 3386 




2 


7 OEcc 

8 4514 

3. 7265 




3 


4 0 16 7 

4 9687 

2 4524 




4 


3 U. *1 0 

3 2698 

1 7 30 0 




5 


2 4i0E 

2 3066 

1 2 7 72 



4 

0 


23 9E43 

32 1905 

7.8590 

-0. 11782 

32.2479 


t 


8 6 9 72 

1 0.4 787 

3 4579 




2 


4 22E7 

4 6105 

1 . 9204 




3 


2.4843 

2.5606 

1 2040 




4 


1 6 34 9 

1 6054 

0 8322 




5 


t 1233 

1 1 097 

0 .5985 



5 

0 


1 6 0982: 

22 3173 

4.9366 

0 .00005 

22.4568 


1 


5 . 2394 

6 5821 

1 .9483 




2 


2 30Si 

2. .5977 

1 0064 




3 


1 . 2S03 

1.3419 

0.6094 




4 


0 8027 

0.8125 

0 3964 




5 


0 , 8548 

0 . 5286 

0.2905 



the 

tails in the 

bank are 

1 1 . 1536 




the 

total concentrate is 

88.84136 




the 

total holdup 

is 295 52422 






SINGLE 

B4NK WITH 

5 CELLS 




UNIFORM 

DISTRIBUTION Kl- 

0.175 Ku= 0.825 




h«1 

} 

1*3 ; 

T*0 . 5 





NO 

MOMENT INDEX 

FE£D(2 

) HOLDUP (MEUO) 

CONCENTRATE (ETA ) ERROR 

EXACT HOLDUP 

1 

0 


1 00 . 0000 

1 17.3874 

41 .3063 

0 .00081 

117.3878 


1 


50 0000 

55 . 0750 

22 4625 




2 


28 £208 

29 . 9500 

1 3 .5458 




3 


1 7 7813 

18.0611 

8.7507 




4 


11 7544 

1 1 . 6676 

5 . 9206 




5 


A 0 8 3 0 

( 8 941 

4 , 1 368 



2 

0 


SB . 6937 

70,7990 ' 

23.2942 

-0.00126 

70.8004 


1 


27 5375 

31 . 0589 

12.0081 




2 


14 9750 

16 0107 

6 .9696 




3 


. 9 0306 

9 . 2928 

4.3842 




4 


S 8 3 3 8 

5 9455 

2.9110 




5 


3 94 7 1 

3 8814 

2.0064 



3 

0 


35 . 3995 

44 . 0985 

1 3 . 3503 

-0.00017 

43.6611 


1 


15 . 52 9S 

17.8004 

6.6293 




2 


8 0054 

8 8391 

3 5858 




3 


4 6 4 6 4 

4 781 1 

2.2559 




4 


.2 9228 

3 . 0078 

1 4189 




5 


1 940 7 

1.8918 

0 .9948 



4 

0 


22 0497 

28 2916 

7 .9085 

-0 . 18683 

27.0749 


1 


8 9002 

1 0 . 5446 

3.6279 




2 


4 41 9S 

4.8372 

e . 001 0 





3 

2 3906 

2.6679 

4 

1 5039 

1 . 4088 

5 

0 9 4 9 

1 0660 

0 

1 •! 14 08 

CD 

^.n 

SI 

*vi 

1 

5 2723 

6 . 5506 

2 

2.4196 

2 6 627 

3 

1 . 3340 

1 . 4496 

4 

0 / 0 4 

0 . 8122 

5 

0 5330 

0 3977 


1 . 0566 
0.7995 
0 . 4ieo 


4. 9129 -0, 00008 18. 1395 

1 .9970 
1 .0872 
0.6092 
0 2983 
0.3341 


th« tails in the nre 9 2279 

tha total concentr.a<t^ i*t 90 7r213 
the total holdup is 279,02227 

. SINGLE BANK UITH 5 CELLS 
UNIFORH DISTRieunON Kl^ 0.25 Ku= 0.75 
h»1 ; 1*3 ; T^O'.E 


NO 

HOMENT INDEX 

rE£D<2) 

HOLDUP (flEUO) CONCENTR7<TE(ETA) ERROR 

EXACT HOLDUP 

1 

0 


100. 0000 

116. 2907 

41 .8546 

0. 0001 8 

116. 0848 


1 


50 . 0000 

55 .8062 

22 . 0969 




2 


27. 0833 

29 .4625 

12.3521 




3 


15 6250 

16,4694 

7 . 3903 




4 


9 . 45. n 

9 . 853 7 

4 . 5263 




S 


5.9245 

6 . 0350 

2 . 9070 



2 

0 


52 1454 

68 7897 

23.7505 

-0 .20031 

68.4492 


1 


27 0031 

31 .6674 

12. 0694 




2 


14. 7313 

1 6 . 0925 

6.6850 




3 


8,2347 

8.9133 

3.7780 




4 


4 . 926 9 

5 , 0374 

2 4082 




5 


3 . 01 75 

3 2109 

1.4121 



3 

0 


34. 3948 

41 .2803 

13.7547 

~0 . 00005 

40.9963 


1 


15 , 8337 

18.3396 

6 .6639 




2 


S . 0463 

8.8852 

3.6037 




3 


4.4567 

4 .8049 

2. 0542 




4 


2.5187 

2 739 0 

1.1492 




5 


1 6 05 4 

1 5 323 

0 . 8393 



4 

0 


20 . 6401 

24 . 9980 

8.1411 

“0. 0001 4 

24.9298 


t 


9 1 698 

10 8548 

3. 7424 




2 


4 . 4426 

4 9899 

1 . 9477 




3 


2 4 025 

£.5969 

1.1040 




4 


1 3695 

1 .4720 

0.6335 


• 


5 


0 7 66 1 

0.8446 

0.3438 



5 

0 


12 4990 

15,1610 

4.9185 

0 .00009 

15.3814 


1 * 


5 . 4274 

6.5580 

2.1484 




2 


2 4949 

2.8645 

1 . 0627 




3 


1 2984 

1 4169 

0.5900 




4 


0 7360 

0 . 7867 • 

0.3427 




5 


0 4223 

0.4569 

0.1939 



the 

tails 

in the 

b 'v f N: .ire 7 

5805 




the 

total 

concentr«ite is 92 

41948 




the 

total 

ho 1 dup 

is 266.51971 





SINGLE BANK WITH 5 CELLS 


/NIFORH DISTRIBUnON Kl- 0,385 Ku= 0.675 



. 10.3 


T -0 


bo 


h-t 


NO 

moment I NO' 

! 1 f IM Z > 

IHfUOl 

CONCENIRATE(CU) ERROR 

EXACT HOLDUP 




t O'! 

11'- . v^; ? 

42 3886 

0.00016 

115.1546 

1 

0 

c I) 0 U V 0 

1 (, • 1 1 !r* 

2t 7342 




1 

7.. Or'Ctn 

'u' fi 

11 8313 




2 

H 0 " t X 

It if» 1 

6 34 3 7 




3 

1 t-i «j n i> 

(' !' 

3 S?09 




4 

4 4 4 ? 9 


2 0 6 7 3 




5 






— 

— 

c^i 6 014 

M, i‘ir« 

24,1562 

"0.04717 

66.8093 

2 

0 

;-A 

!;■ . y 3 

te 1616 




1 

14 -in;..:. 

ibr f 

6 3817 




2 

r 

11 ' r- ' t’s 

3 4331 




3 

4 t'SI 


1 8404 




4 


f ' 

1 0870 




5 








3.T i'''-- 

1M.0‘ 

!3 8P08 

0.00023 

39.05S5 

3 

0 

1 0 t 0 4 1 

iii'i)/*- 

6 R?0f 





p 10Tf< 

') \ 

3 5409 




2 

4 

1 ti ! » 

1 8739 




3 

£ zee? 

1 T 

1 0261 




4 

t .2916 

1 , ' 

0 6085 




5 



, , . 



-- 


r) 1 

1 1 l"‘ » 

f\ 0 4 68 

-0 00026 

23.0024 

4 

0 

9 

H h '* 1 

1 8*^9 3 




1 

4 Sts 08 

1 in* «? 

1 9738 




2 

Z IfC"^ 

» Ml 

1 044 7 




3 

1 t“ c> i 0 

1 !'0 

0 ^«061 




4 

0 6 941 

H 0 4 

0 306? 




S 


, 1 , » , 1 ' 






— 

ti.sns 

1 1 l'( '< k 

4 

0.00016 

13.6470 

5 

0 

c; 

i\ n 

? ;;f'2 




\ 

2 S'lv^e 

, '' M 

I 1 u 74 




2 

1 3160 

1 !, 

0 5T77 




3 

0 0964 

1) »l»u 

0 1113 




4 

0 \ ( i A 

(1 *11^ 5 

0 1699 




S 

... - - - <*-•.- 


..... 




^K* totil conc*f.trU* i-. 91 in?8f 

:::;i - 

siHCt£ eA^J^ wuH 5 ail'’ 
OI'ilRU'U' 1 i>" ' ' ' 0 I >"■ 


UNIFORM 
h-1 ; i"3 


T » u b 



M AMP NT IWDL’^ 

rEEOlZ) 


1 CWfCtNTRATEIEIA) ERROR 

exact holdup 

NO 


100 OOOO 




114.5668 

t 


iH'.n ; 

4/ 7141 


0 

1 

CO {» 0 0 0 

NMI'u . 

PI *.('19 




6t 3'J33 

H 1)=', 

10 1841 




2 

17 0000 


5 6T?3 





(■ 0 

1 m ; 

2 814 71 




4 

c 

3 '-■‘If.? 

i 'iN,/ 

1 r.c,|i6 





c; ? 


, , 


65.7895 



4H NU 


0 . w 0 J »P 

2 

0 

1 



IP PI93 

* 



H 3493 

H 

h POJl 




E 

7 

im? 

3 1813 




3 

4 

3 7849 

rm 

I 66()0 





67 



S 

1 97Bt 

2.2133 



0.8714 




3 

0 

32 0007 

37 8904 


13 

9555 

0 . 00008 

37.8722 



1 

1 /*> 8 

18 6073 



6 9531 





2 

9 M62 

9 2708 

, 


3.5108 





3 

4 1 354 

4.6811 



1 . 7948 





4 

2 1 249 

2.3931 



0 . 9283 




1 

5 

f 10 6 6 

1 .2378 



0 .48 78 




4 

0 

18 9452 

21 8774 


8 

. 0065 

-0,00012 

21 .8548 



1 

9 ^037 

10 6753 



3 . 9660 





2 

4 6 3 ’-.4 

5 288 0 



1 9914 





3 

2 . 3405 

2. 6552 



1.0129 





4 

1 1 966 

1 . 3506 



0.5213 





S 

0.6189 

0 . 6950 



0.2714 




S 

0 

to 9337 

12.6670 


4. 

6052 

0 .00053 

12.6424 



t 

5 3377 

6 1403 



2.2675 





2 

2 6440 

3. 0234 



1 .1323 





3 

1 . 3276 

. 1 . 5098 



0 . 5727 





4 

0 6 753 

0 7636 



0.2935 





5 

0 . 3475 

0.3913 



0.1518 




th# 

t Ji i 1 • in t e b a 1 1 1' .j r e 6 

1335 







th# 

total concentrate is 93 

66650 







th# 

total holdup is 252.80788 









SUJGLE BANK UlIH 5 

CELLS 







UNIFORH 

DISTRIBUTION Kl= 0 

45 Ku= 0 55 







h*1 

; 

1-3 ; T=0.5 









NO 

MOMENT 

INDEX FEtD(2) 

HOLDUP (MEUO) 

CONCENTRATE(ETA ) ERROR 

EXACT HOLDUP 

1 

0 

1 00 . 0000 

1 14.3557 

42.8221 

-0.00015 

1 14.3558 


1 

50,0000 

57 . 09C2 

21.4519 




2 

25. 0833 

28 6025 

1 0 . 7821 




3 

12 6250 

14.3761 

5.4370 




4 

6 . 3751 

7 .2493 

2.7505 




5 

3.2295 

3.6673 

1 .3958 



2 

0 

57 1779 

65 4261 

24.4648 

-0.00003 

65.4263 


1 

28 5481 

32.6197 

12.2382 




2 

1 4 301 3 

16 31 77 

6 . 1424 




3 

7 . 1 800 

8 . 1 899 

3 . 0931 




4 

3 6246 

4 124 1 

1 . 5626 




5 

1 8337 

2 . 0834 

0.7919 



3 

0 

32 7131 

37 . 4552 

13.9855 

0 00002 

37.4552 


t 

16 3099 

18 6473 

6 9862 




2 

8 1588 

9.3149 

3.5014 




3 

4. 0950 

4 . 6685 

1 .7607 




4 

2 0 621 

2.3476 

0.8882 




5 

1.0417 

1.1843 

0.4496 



4 

0 

18 7276 

21 . 4553 

7.9999 

-0 .00017 

21 .4555 


1 

9 . 323 7 

1 0 , 6666 

3 . 9904 




2 

4 CS7B 

5.3205 

1.9972 




3 

2.3342 

2.6629 

1 . 0028 




4 

1 1738 

1 .3370 

0.5053 




5 

0 , 59J2 

0.6737 

0 .2553 



5 

0 

1 0 . 7277 

12.2970 

4.5792 

-0.00018 

12.2979 


I 

5 3333 

6 . 1 055 

2.2805 





68 


e B 6603 

3 1.3315 

4 0.6685 

5 0.3369 


tht t«il« In th» bank ara 6,1485 
tha total concantrata i« 93.05150 
tha total holdup is 250.98934 

SINGLE BANK UITH 5 CELLS 
UNIFORH DISTRIBUTION K1- 0.475 ku- 0.525 


h«*l 1 

1«3 ; T-0.5 





NO 

MOMENT INOEX FEED(2) 

HOLDUP (MEUO) CONCENT R A I E ( E T A ) ERROR 

EXACT HOLDUP 

! 

0 

, too. 0000 

1 14,3037 

42 8481 

0.00021 

114.3032 


1 

50 . 0000 

57.1309 

21 4346 




2 

25.0208 

28.5794 

10 7311 




3 

12.5313 

M .3088 

5 3 772 




4 

6.2813 

7. 1696 

2 .6965 




5 

3.1511 

3.5953 

1 . 3534 



2 

0 

* 57.1519 

65.3377 

24 . 4830 

0.00007 

65.3361 

0 

1 

28.5654 

32.6440 

12 2434 




e 

M .5897 

16.3246 

6.1274 




' 3 

7.1541 

8. 1699 

3. 0691 




4 

3.5848 

4 . 0922 

1 .5387 

• 



5 

1 .7977 

2.0516 

0.7719 



1 

0 

' 32.6688 

37.3550 

13.9914 

0 . 00005 

37.3521 


t 

16.3220 

18.6551 

6 9944 




2 

8 . 1623 

9 . 3259 

3 4993 




3 

4 . 0850 

4.6658 

1 7521 




4 

2.0461 , 

2.3361 

0.8780 




5 

1 . 0258 

1 . 1707 

0.4404 



4 

0 

18.6775 

21.3617 

7.9967 

0.00017 

21 . 3571 


1 

9.3276 

10.6622 

3.9965 




2 

4.6630 

5.3286 

1 .9987 




3 

2.3329 

2,6649 

1 .0004 




4 

1.1680 

1 . 3339 

0.5011 




5 

0,5854 

0 . 6681 

0 .2513 



5 

0 

10.6808 

12.2200 

4,5708 

0.00026 

12,2134 


1 

5.3311 

6 . 0944 

2.2839 




e 

2.6643 

3.0452 

1.1417 




3 

1 . 3324 

1 .5223 

0 5713 




4 

0,6670 

0.7617 

0 2861 




5 

0.3341 

0.3BI5 

0 . 1 433 



tha 

tails 

in tha bank ara 6. 

.1100 




tha 

total 

concantrata is 93, 

.89000 





tha total holdup ia 250.57808 


3 0407 1 1399 
15199 05715 
0.7620 0 2875 
0.3833 0.1452 
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SINGLE BANK WITH 5 CELLS 
UNIFORH DISTRIBUTION Kl- 0.49 Ku- 0.51 


h- 

! ; 1-3 ; 

T-0.5 



NO 

HOHENT INDEX 

FEEDCZ) 

HOLDUP (MEUO) 

CONCENTRATE(ETA) ERROR EXACT HOLDUP 

t 

0 

ICO OOC 0 

I 1 4 2''9 7 

42 0556 0 00009 . It 4 . 2885 


1 

50 0000 

57 1409 

?1 4296 


e 

.? 5 0 0 i i 

rn 

10 7 UO 


3 

. 5050 

t 4 2893 

5 . 3604 


4 

0 .2550 

7. 1472 

2.6814 


5 

3 129? 

3. 5752 

I 3416 

2 

0 

5 7. f 41) 

. 65 3116 

£4.4006 0 00004 65.3109 


! 

29 5704 

32.6514 

12 2447 


2 

f 4 ? 90 4 

16 3263 

6 1232 


3 

7 « 4 1 G 

9 1643 

3 0625 


4 

3.5736 

4 . 0833 

1 .5319 


5 

1.7876 

2. 0426 

0 7663 

3 

0 

32 . 6558 

37 3240 

13.9938 -0.00016 37.3233 


1 

16 3257 

19.6584 

6 . 9965 


2 

8 1631 

9 . 3287 

3.4988 * 


3 

4 on:r> 

4 6 65 0 

1 7 4 9 6 


4 

? 04 16 

2 3j:*9 

0 8 752 


5 

( 0213 

1.1670 

0 437B 

4 

0 

18.6620 

21 . 3299 

7 99 7 1 “0 . 00004 21 . 3297 


1 

9 .1292 

10 6628 

3.9978 


2 

4 . 6644 

5 3304 

1 9992 


3 

2.3325 

2 . 6656 

0.999 7 


4 

1 1664 

1 1110 

0 4999 


5 

0 50 15 

0 6666 

0 ?‘'0 2 

5 

0 

1 0 . 6649 

12. 1880 

4 5709 -0. 00014 12. 1899 


t 

5 3314 

6 0945 

2 294! 


2 

2 .6652 

3.0455 

1 1424 


3 

1 . 3128, 

1 .5232 

0.5712 


4 

0 . 6665 

0.7616 

0.2857 


5 

0 3 133 

0 3909 

0 1428 


th# tail® in th* bank art 6 0940 
th« total concantrate is 93.9060Q 
th# total holdup is £50.44207 
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DATE 1/11 /90 


SINGLE BANK UIIH 5 CELLS 
UNIFORH DISTRIBUflON Kl= 0.0 Ku= 1.0 


h *1 ; 1=^3 , 1-1 


NO 

HOHENT IND£>; FEEDIZ) 

HOLDUP 

(HEUO) CONCENTRAIEIETA) ERROR 

EXACT HOLDUP 

1 

0 

100 0000 

74.6153 

25.3847 

0.0031 0 

74.6154 


1 

50 OOOO 

33 8463 

16.1537 




2 

33 3333 

21 . 5382 

1 1 . 7951 




3 

25 . 0000 

15.7268 

9.2732 




4 

20 OOOO 

12.3643 

7 , 6357 




5 

16 6667 

10. 1610 

6.4857 



2 

0 

74.6153 

57 4291 

17.1862 

0 .00001 

57.1429 


1 

33.8463 

22. 9149 

10.9314 




2 

21 5382 

14 5752 

6 . 9630 




3 

15 . 7268 

9 284 0 

6.4428 




4 

12. 3643 

8 5904 

3.7739 




S 

10 1810 

5.0319 

5.1491 



3 

0 

57 4291 

45.5014 

11 9277 

-3 . 02524 

44.8980 


1 

22 9149 

15. 9036 

7.0113 




2 

1 4 . 5752 

9 3484 

5.2269 




3 

9 2840 

6.9691 

2 3149 




4 

8 , 5904 

3. 0866 

5.5038 




5 

5.0319 

7 . 3384 

-2.3065 



4 

0 

45 5014 

36 . 7281 

8. 7733 

-0 . 00001 

36. 1516 


t 

15.9036 

1 1 . 6978 

4.2058 




2 

9.3434 

5.6077 

3.7407 




3 

6 9691 

4 . 9876 

1.9814 




4 

3 0866 

2.6419 

0 . 4447 




5 

7. 3384 

0.5929 

6.7455 



S 

0 

36 7281 

29 6387 

7.0894 

-0 00001 

29.7793 


1 

11 6978 

9 4526 

2.2452 




2 

5 6077 

2.9936 

2.6141 




3 

4 . 9876 

3.4854 

1 .5022 




4 

2 6419 

2.0030 

0.6389 




5 

0 5929 

0.8519 

-0.2590 



the 

tails 

in the bank are 29 , 

6387 




the 

total 

concentrate is 70.36133 




the 

total 

holdup is 243.91254 






SINGLE BANK WITH 5 CELLS’ 


UNIFORH DISTRIBUnON Kl= 0.1 Ku= 0.9 


h»1 ; 1»3 ; T^1 


NO HOHENT INDEX r-EED<2) HOLDUP (HEUO) CONCENTRATE ( ETA ) ERROR EXACT HOLDUP 


1 0 

100 0000 

74 . 0563 

25.9437 

0.00000 

73.9154 

1 

50.0000 

34.5916 

15.4084 



2 

30 3333 

20.5445 

9.7888 



3 

20 5000 

13.0518 

7.4482 





71 



4 

14 76-? 0 

9 . 931 0 

4.8310 





5 

11 0 71? 

6.4414 

4 .6303 




2 

0 

7-1 0563 

55 8323 

18.2240 


-1 .67117 

55.5363 


1 

34 5916 

24.2986 

1 0.2930 





2 

20 5445 

13.7240 

6 .8205 





3 

13 0519 

9 0939 

3 9578 





4 

9 9 310 

5 2771 

4 6538 





5 

b 4 4 14, 

6 2051 

0.2363 




3 

0 

55 9 3? 3 

42 7213 

13.1110 


0 . ooooe 

42.4088 


1 

24 2996 

1 7.4814 

6.8172 





2 

'13 7240 

9.0896 

4 . 6344 





3 

9 0939 

6.1792 

2.9148 





4 

5 2 771 

3 8863 

1 . 3908 





5 

6 .2051 

1 .8544 

4.3507 




4 

0 

42 7213 

32. 9878 

9.7335 


0 . 00000 

32.8982 


1 

17 4914 

12 9 780 

4.5033 





2 

9 . 0896 

6 . 0045 

3. 0852 





3 

6 . 1 792 

4.1136 

2. 0656 





4 

3 8863 

2.7542 

1 . 1 322 





5 

1 854 4 

1 5096 

0 3448 




5 

0 

32 . 9878 

25 . 4949 

7.4929 


0 00000 

25.9067 


1 

12 9790 

9 9905 

2 9876 



• 


2 

6 0045 

3 98 34 

2. 021 0 





3 

4.1136 

2.6947 

1.4189 





4 

2. 7542 

1 ,8918 

0,8623 





5 

1 5096 

1 . 1498 

0.3598 




tha 

t ai Is.^ 

in the bank are 

£5.4949 





tha 

total 

concentrate is 7 

•4 .5051 0 






th« total holdup is 231.09855 

SINGLE BA^4K UlfH 5 CELLS 
UNIFORM DISTRIBUTION 0.175 Ku== 0 . S25 


h«1 ; 1=3 ; T=1 


NO 

MOMENT 

INDEX FEEUCZ) 

HOLDUP 

(MEUO) C0NCENTRA7E(ETA) ERROR 

EXACT HOLDUP 

1 

0 

100.0000 

73.5638 

26 4362 

0 . 00001 

73.5038 


1 

50 0000 

35.2483 

14.7517 




2 

28.5208 

1 9.6690 

8.851 9 




3 

17.7813 

1 t .8025 

5.9788 




4 

11 7544 

7.9717 

3.7827 




5 

8 0839 

'5 0436 

3 , 0403 



2 

0 

73,5638 

54.7363 

18.8275 

-0 . 71777 

54.6087 


1 

35 2433 

25 . 1 033 

10.1450 




2 

19 6690 

13.5266 

6.1424 




3 

11 8025 

8. 1898 

3.6127 




4 

7 971 7 

4.8169 

3.1548 




5 

5 0436 

4 2064 

0.8372 



3 

0 

* 54 7361 

41 1461 

13.5902 

-O. 00001 

41 , 0040 


1 

25 1033 

18. 1203 

6.9830 




2 

13 5266 

9.3107 

4.2159 




3 

8 . 1898 

5,6212 

2.5686 




4 

4 3169 

3.4247 

1 .3921 




5 

4 . 2064 

t .8562 

2.3502 
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4 

0 

1 

£ 

3 

4 

5 

41 1461 

IP fPOl' 

9 no/ 

S 6£1£' 

3 424 7 

1 056 2 

31 . 1786 

11 £901 

6 4403 

3 82 72 
a. 3920 

1 . 3770 

9.9676 

4 8302 

2 . 8704 

1 . 7940 

1 . 0327 

0 . 4792 

0 00001 

31.1111 

5 

0 

11 17P6 

23 7398 

7.4387 

0.00000 

23.8447 


1 

M £ "J 0 1 

9 9183 

3.3718 




2 

G 440 3 

4 4 957 

1.9446 




3 

1 ,9<?7£ 

2.5928 

1 2345 




4 

£ 3 9.?0 

1 6460 

0 . 746 1 




5 

1 3/70 

0 9947 

0.3822 . 



the 

tails in the bar>l are 

23 7398 




the 

total concer»trat» i<. 76 £6016 




t he 

total holdup ir 224 36465 






SINGLE BAr4K UIIU 

5 CELLS 




UNIFORH 

DISTRIBUriON Kl= 

0 . 25 Ku= 0 75 




h«1 


1**3 ; r--l 





NO 

MOMENT INDCy FEF-D(7) 

HOLDUP (MEUOl 

1 CONCENTRATE(ETA) ERROR 

EXACT HOLDUP 

1 

0 

100.0000 

73.2038 

26.7962 

0.00000 

73. 1832 


1 

so 0000 

35.7283 

14.2717 




2 

27 0833 

1 9 . 0290 

8 0544 




3 

IS 6250 

1 0 .7392 

4 . 8858 




4 

5 ^=.31 

6 .5145 

2.9387 




5 

S 9245 

3.9182 

2. 0063 



2 

0 

73 c038 

53 . 9390 

19 2648 

-0 . 24796 

53,8947 


1 

35 . 7283 

25,6865 

10.0418 




2 

1 9 . 0290 

13.3891 

5.6399 




3 

10 7392 

7.5198 

3.2193 




4 

6 5145 

4 . 2924 

2.2220 




5 

3 9182 

2.9627 

0 .9555 



3 

0 

51 9300 

39 9896 

13 9493 

0 00001 

39 9388 


1 

25 636S 

18 5991 

7.0873 




2 

13.3891 

9 . 4498 

3.9393 




3 

7 5198 

5.2524 

2.2674 




4 

4 2924 

3 0232 

1 .2693 




5 

2 9627 

1 . 6924 

1 2703 



4 

0 

39 9896 

29.8095 

10.1801 

-0. 00001 

29.7802 


1 

lA 5991 

13 5735 

5.0256 




£ 

9 4498 

6 .7008 

2.7490 




3 

5 , £524 

3.6653 

1 .5872 


* 


4 

3 0232 

2.1162 

0.9070 




5 

1 6924 

1 . 2093 

0 . 4831 



5 

0 

2 9 8 0 9 5 

22.3189 

7.4906 

0.00086 

22.3406 


1 

13 5735 

9.9874 

3.5861 




£ 

6 7 0 0 8 

4 781 4 

1.9194 




3 

3 6 6S3 

2 5592 

1.1061 




4 

2 H62 

1 .4748 

0.6414 




5 

1 2 0 9 3 

0.8553 

0.3540 




th# tails in the bank are c:2.3t89 
tht total concentrate is 77.68111 
the total holdup is £19 £6072 



SINGLE EANK UJIH S CELLS 
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UNIFORH DlSIRlBUriON Kl* 


2^S ku- 0 . 675 


h«1 ; 1*3 ; 


NO 

MOMENT INDEX fr:.rD(2) 

HOLDUP 

(MEUO) CONCEN?RAlE(ETA) ERROR 

EXACT HOLDUP 

1 

' 0 


t 0 0 . 0 0 0 0 

72. 9543 

27.0457 

0 . 00003 

72.9494 


t 


50 0000 

36.0610 

13.9390 




2 


26 0208 

18.5854 

7.4355 




3 


14 0313 

9.9139 

4.1173 




4 


7 2.0 0 0 

5 . 4897 

2 3103 




5 


4 .4479 

3. 0804 

1 . 3676 



2 

0 


72 9543 

53 3943 

1 9.5600 

0. 04255 

53.3789 


1 


36 0610 

26 . 0800 

9.9810 




2 


18 5854 

1 3.3079 

5.2774 




3 


9 9139 

7 0366 

2.8774 




4 


5 489 7 

3 . 8 365 

1 6531 




5 


3 0804 

2.2043 

0.8760 



3 

0 


53 3943 

39 2075 

14 1867 

0 02204 

39 . 1780 


1 


26 0800 

18 9156 

7 . 1 644 




2 


13 3079 

9 . 5525 

3. 7554 




3 


7 , 0366 

5.0072 

2.0294 




4 


3 8365 

2 , 7 058 

1 1 306 




5 


2 2 04 3 

1 50 75 

0.6969 



4 

0 


39 2075 

28.8899 

10.3177 

0*. 0 0 000 

28.8424 


1 


. 18.9156 

13 7569 

5.1587 




2 


9 . 5525 

6 8783 

2.6743 




3 


5. 0078 

3.5657 

1.4415 




4 


2. 7058 

1 . 9220 

0.7838 




5 


1 . 5075 

1 . 0451 

0.4624 



5 

0 


28 8899 

21 . 3623 

7.5275 

-0 . 02774 

21 .2974 


1 


1 3 . 7569 

1 0 . 0367 

3.7202 




2 


6 8 781 

4.9603 

1 9180 




3 


3 565 7 

2 .55 7 3 

1 .0084 




4 


t 9220 

1 . 3445 

0.5775 




5 


1 0451 

0 . 7700 

0.2751 



t h® 

tails 

in the 

ban!; are 21 

. 3623 




the 

total 

concentrate is 78. 

63767 




the 

total 

holdup 

is 215.80827 






SltlGLE 

BANK UITH 5 

CELLS 





UNIFORM DISTRIBUTION Kl= 0.4 Ku= 0.6 


h«1 ; 1«3 ; T=1 


MOMENT 

INDEX FEED(7) 

HOLDUP (MEUO) 

CONCENT RATE (ETA) ERROR 

EXACT HOLDUP 

0 

100 0000 

72.8003 

27.1997 0.00094 

72.7995 

1 

50 0000 

36 .2663 

1 3 . 7337 


2 

25 3333 

18.3116 

7.0217 


3 

13 0000 

9.3623 

3.6377 


.4 

6 . 7520 

4.8502 

1 .9018 


5 

3 546 7 

2.5357 

1.0110 
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2 

0 

1 

2 

3 

4 

5 

7,? 

3C 

1 B 
9 
4 

8003 
2663 
31 16 
362 3 
860? 
S36 7 


S3 0528 

26 . 3300 
13.2484 

6 . 7509 

3 4819 

1 8244 

1 9 

. 7475 

9. 9363 

5. 0631 
2.6115 

1 . 3683 
0.7113 

0.00128 

53,0504 

1 

0 

S- ^ < 

0 8 


38 .7019 

14 

. 3509 

0 . 001 77 

38,6972 


t 

•? C 

'UOO 


19.1 345 


7 . 1 955 




2 

1 ^ 

. 248-1 


9.5940 


3 6545 




3 

6 

. 7509 


4 8726 


1 8782 




4 

1 

4 8 1 9 


? 5043 


0 9 776 




S 

I 

82 4 4 


1 . 3035 


0.5209 



4 

0 

38 7019 


28.2630 

10 

.4389 

0 00052 

28.2554 


1 

! 9 

1315 


1 3.9186 


5.2159 




2 

9 

S940 


6 . 9545 


2.6394 




3 

4 

8 ?26 


3.5192 


1 .3534 




4 

2 

5043 


1 .8045 


0.6998 




5 

• 1 

3035 


0 . 9331 


0 3704 



5 

0 

£S 2830 


20 6627 

7 

6003 

0 .00073 

eo.6516 


1 

1 

9186 


10.1337 


3.7849 




2 

8 

9S4S 


5 0465 


1 9080 




3 

3 

5 1 9 3 


2.5441 


0 9752 




4 

1 

8045 


1 3002 


0 5043 




s • 

0 

9 ^31 


0 6 724 


0 2607 



the 

tails 

in the baril' 

are 

20 

. 6627 





the 

total 

concentrate ig 

79 

33728 






the total holdup i r. ?f3 -^80 73 

SINGLE BANK WITH 5 CELLS 
UNIFORH DISTRIBUTION Kl- 0 45 Ku^ 0.55 


ha1 

; 1=3 ; 

T=1 





NO 

MOMENT INDEX 

FE£D(2) 

HOLDUP 

(MEUO) CONCENTRATE(ETA) ERROR 

EXACT HOLDUP 

1 

0 

1 0 0 0 0 0 0 

72 7451 

27.2547 

0.00001 

72.7453 


1 

50.0000 

36 . 3195 

13.6605 




2 

25 0833 

18.2140 

6.8694 




3 

12 6250 

9 . 1592 

3.4658. 




4 

6 3 7 51 

4 6211 

1 754 0 




5 

3 22 95 

2 338 7 

0.8908 



2 

0 

72 7451 

52 9319 

19.8135 

-0 . 00095 

52.9319 


1 

36 3395 

26 ,4180 

9 9215 




2 

18.2140 

13,2287 

4.9852 




3 

9 *1592 

6.6470 

2.5122 




4 

4 621 1 

3 . 3496 

1.2715 




5 

2 118 7 

1 6953 

0 6434 



3 

0 

52 , 9319 

38,5241 

14.4077 

0 . 00000 

38.5246 


1 

26 4180 

19.2103 

7.2077 




2 

11 22<3. 7 

9,6103 

3.6185 




3 

6 64 70 

4.8246 

1 .8223 




4 

3.3496 

2.4298 

0.9199 




5 

1 6953 

1 .2265 

0.4688 



4 

0 

38.5241 

28. 0445 

1 0.4796 

0.00000 ■ 

se.0457 


1 

19 2103 

13.9728 

5.2375 





75 


9 6103 6.9853 
A 8^46 3.5086 
8 4898 1 . 7687 


5 0 £8 

t 13 

2 C 

3 3 

< 1 

S 0 


8865 0.8894 


0445 

80 4800 

9726 

10 1660 

9833 

5 0 758 

5026 

8.5434 

7687 

1 .8790 

.8894 

0 . 6450 


th# tails in the bank are 80.4800 
the total concentrate is 79.57996 
the total holdup is 818.66590 


SINGLE BANK UITH 5 CELLS 
UNIFORM DISTRIBUTION Kl- 0.475 Ku= 0.585 


8. 6869 
1 .3880 
0.6671 
0.3370 


7.6845 
3.8068 
1 .90?5 
0.9598 
0.4838 
0.8444 


0.00000 20.4228 


¥■ 


h*1 ; 1»3 j T==1 


NO MOMENT INDEX FEED(2) HOLDUP (MEUO) CONCENTRATE ( ETA ) ERROR EXACT HOLDUP 


1 

0 

1 

'8 

3 

4 

5 

100 0000 
50.0000 

25 . 0308 

18 5313 
6.8813 
3.1511 

78.7318 

36.3576 

18. 1898 

9 1080 

4. 5643 
8.8898 

87.2688 

13.6424 

6.8310 

3.4233 

1.7169 

0.8618 

0. 00001 

78.7318 


a 

0 

72.7318 

58.9084 

19.8294 

0.00001 

58.9024 



1 

36 3576 

26 4392 

9.9185 





2 

18.1898 

13.8246 

4.9652 





3 

9.1030 

6.6803 

2.4877 





4 

4.5643 

3.3169 

1 .2474 





5 

8.8898 

1 .6633 

0.6260 




3 

0 

58 9084 

38.4816 

14.4208 

0.00000 

38.4816 



I 

26 4392 

19 ,2877 

7.8115 





8 

1 3 . 2246 

9.6153 

3.6093 





3 • 

6 . 6203 

4,8184 

1 .8079 





4 

3.3169 

2,4106 

0.9063 

' 




5 

1 6633 

t .2085 

0.4548 




4 

0 

38.4816 

27.9936 * 

10.4880 

0 . 00000 

27.9936 



1 

19.2277 

13.9840 

5.8436 





2 

9.6153 

,6.9915 

8. 6838 





3 

4 8124 

3.4984 

1 .3140 





4 

2.4105 

1 .7520 

0.6586 





5 

1 . 2085 

0.8781 

0.3304 




5 

0 

87 9936 

20 3653 

7.6283 

0 .00004 

20.3653 



1 

13.9840 

10.1711 

3.8130 





2 

6 99 15 

5. 0840 

1 .9075 





3 

3 4984 

2.5434 

0.9551 

. 




4 

1 , 7520 

1 .2734 

0.4786 





5 

0.8781 

0.6381 

0.8400 





the tails in the bank are 80.3653 
the total concentrate is 79.63468 
the total holdup is 818.47478.. 


SINGLE BANK UITH 5 CELLS 
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UNIFORM DISrPIDUirOM 0 4 0 ku*- 0 C- 1 

h-1 ; 1-3 ; T^l 


NO 

MOMENT 

INDEX fl-CD(2) 

HOLDUP 

(MEUO) CONCLNIRATEIETA) ERROR 

EXACT HOLDUP 

1 

0 

too 0000 

72 7280 

27 2720 

0 , oooot 

72.7280 


1 

. 50.0000 

36 . 3627 

13 6373 




2 

?5 0033 

18.1831 

6 8202 




3 

I 2 .5050 

9 . 0936 

3.4114 




4 

6.2550 

4 . 5485 

1 7065 




5 

3. 1292 

2.2754 

0 . 8538 



2 

0 

72 7290 

52 8941 

19 8139 

0.00000 

52.8941 


1 

36 3627 

26 . 4451 

9.9175 




2 

19.1831 

13.2234 

4 . 9597 




3 

9 , 0936 

6.6130 

2 4807 




4 

4 5485 

3.3076 

1 2409 




5 

2.2754 

1 . 6546 

0 6208 



3 . 

0 

52 9941 

38 4696 

14 4245 

0 OOOOO 

38 . 4696 


1 

26 4451, 

19 2327 

7 2124 




2 

1 3 2214 N 

9 6166 

3 6068 




3 

6.6130 

4.809 1 

1 8039 




4 

1 30 76 

2 . 4 0''.2 

0 9 0 -‘3 




B 

1 6 546 

1 2 0 31 

0 45 14 



4 

0 

39 . 4696 

27 . 9790 

1 0. 4906 

-0 . 00001 

27.9790 


1 

19 2327 

13.9875 

5.2452 




2 

9*6166 

6 .9936 

2 6229 




3 

4 8091 

3 49 73 

1 3118 




4 

2 4 052 

1 749 1 

0 6562 




B 

1 20 31 

0.8749 

0 3282 



5 

0 

27.9790 

20 , 3494' 

7.6296 

0 00000 

20.3494 


1 

1 3. 9875 

10. 1728 

3 8146 




2 

6 . 9936 

5 0862 

1 9 0 75 




3 

3.4973 

2 54.33 

0 . 9539 




4 

1.7491 

1.2719 

0 477 1 




S 

0.8749 

0.6362 

0.2387 



the 

tails in 

the bank ar#» 20. 

3494 





the total concentrate is. 79 65061 
the total holdup is 212.45:016 
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DATE 30/t0/»0 

SINGLE BANK UITH 5 CELLS 
BETA DISTHIBUTION CAHHA- 1 ETA- I 
h-1 ; 1-3 I T-A.l 


NO 

HOHENT 

INDEX FEEOil) 

HOLDUP (HEUO) 

concentrate(eta) error 

EXACT HOLDUP 

HOLDUP BY ACTUAL INTECRATIOl 

( 

0 

too 0000 

293.6109 

71 6169 

0 00009 

285.4364 

265.34 


1 

SO . 0000 

♦5 4019 

40 4906 





2 

33 3333 

53 9344 

27 9399 





3 

25 0000 

37.2532 

21 .2747 





4 

20 0000 

26 3662 

17. 1634 





% 

to S&07 

22.8845 

14.3782 




i 

0 

29 . 391 1 

113 3222 

17.0469 

0 ooot t 

117 6417 

117.64 


1 

9.5492 

22 7316 

7.2760 ' 





2 

5 3934 

9 7013 

4.4233 





3 

3 7253 

5.9977 

3. 1355 





4 

2 3366 

4 1607 

2 4166 





5 

2 2685 

3.2247 

1 .9660 




J 

0 

f( 3322 

61.0360 

5 2266 

0 05921 

66 0360 

65 74 


1 

2 2732 

6 9715 

f .5760 





a 

0 9701 

2 1014 

0.7600 





3 

0 5396 

1.0133 

0 4864 





4 

0 4181 

0 6513 

6.3529 





S 

0.3225 

0.47C6 

0 2754 




4 , 

0 

6.1036 

40.2065 

2.0630 

0.00000 

44 7610 

44.37 


f 

0 6971 

2 7773 

0 4194 





8 

0 2101 

0.5592 

0.1542 





3 

0 1013 

0 2056 

0 0809 





4 

0 0651 

0. 1077 

0.0544 





5 

0.0471 

0.0725 

0 0396 




fi 

0 

4.0207 

29.7293 

1 0478 

0.00000 

33.8123 

33.32 


i 

0 2777 

1 . 3971 

0 1393 





8 

0 0S59 

0.1640 

0 0375 





3 

0 0206 

0.0500 

0.0156 





4 

0 0108 

0.0207 

0 0097 





5 

0 0072 

^ 0 0116 

0 0061 





th« TAtls in tn« bank art i 9729 
th# total concantrat# ii 97.02717 
th* total holdup is 52B.t0390 
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SIWCLE »AMK UtTH S CELLS 
BETA OISTRIIUTION CAMHA- 1 ETA- E 
h-t i 1-3 ; T-0 I 


NO 

MOHCHT 

INDEX EECD(Z) 

HOLDUP (HEUO) 

CONCENTRATE(ETA) error 

EXACT HOLDUP 

holdup BT ACTUAL 

intecration 

1 

• 

too 0000 

370.7505 

42.1249 

0.00001 

380.3270 

380.11 



f 

33 3333 

02. 9333 

25.0500 






t 

14.4&07 

33.4000 

13 3217 






'3 

10.0000 

17.7419 

• 2231 






4 

«.t€«7 

< 10.9441 

t 1703 






• S 

4.7419 

7.4270 

4.0192 





t 

0 

37.0751 

104.4480 ' 

19.2283 

0.00001 

190.9910 

190.57 



1 

B 2033 

25.4377 

5.7196 






i 

3 3400 

7 4241 

2 5774 






1 

1 .7749 

3.4365 

1 ■ 4332 






4 

1.0944 • 

1.9110 

0 . 9053 






S 

0.7427 

1 .2071 

0.4220 





1 

0 

* IB. 4440 

111.2572 

7.3211 

0.02064 

118.2572 

117.45 



i 

2 5430 

9 74 1 4 

1.5874 






E 

0 7424 

2.1140 

0 5509 






3 

C 3437 

0.7344 

0 2702 






4 

0.1911 

0.3403 

0.1551 






S 

0.1207 

0.2048 

0.1000 





4 

0 

1 1 .3257 

‘ 79,8181 

3 ‘3439 

0.00000 

03.8404 

83.04 



f 

0.9741 

4.4585 

0.5103 






a 

0 21 17 

0.7071 

0.1410 






3 

0.0735 ■ 

0. 1880 

0 0547 






4 

0 0340 

0 0729 

0 0407 






S 

0 0207 

0 0383 

0 0148 





C 

0 

7.9010 

42.0449 

1.7751 

0 . 00000 

44 7049 

43. 71 



1 

0 4459 

2.3448 

0 2092 






« 

0,0707 

0 2789 

0 0428 






3 

0 0109 

0 DS7I 

0.0131 






4 

0 0073 

0 0175 

0 0055 






S 

0.0030 

0.0074 

0.0031 






th» tails In tha bank ara i 20&T 
th# total concantratt 1» S3 79331 
tha total holdub it 9a0 3&070 


StNCLE BANK UITH 5 CELLS 
BETA DISTRIBUTION CAhMA- I ETA- 3 


h-1 j 1-3 ; T-0 1 


NO 

HOHENT 

INDEX FEED(2) 

HOLDUP (HEUOl 

concentrate 

(ETA) ERROR 

E.<ACT HOLDUP 

HOLDUP 9t ACTUAL 

INTCwRATlON 

1 

0 

too 0000 

445 .1529 

55 4847 

0 00000 

444 5559 

444 . 19 



1 

*5 0000 

73 9794 

17 4020 






2 

10.0000 

23.4494 

7 4531 






3 

5.0000 

10 . 2041 

3.9794 






4 

2 8571 

5 3041 

2 3245 






5 

1 795; 

3.1020 

1 4755 





2 

0 

44.S1S3 

244 4798 

20.0474 

0.00000 

248.4193 

247.94 



1 

7.3980 

24.7299 

4.7250 






2 

2 3449 

4 . 3000 

1 .7149 






3 

1 0204 

2.2893 

0.7915 






4 

0 5304 

1 0553 

0.4251 






5 

0 3102 

0.5448 

0.2535 





3 

0 

24.4479 

157 . 8390 

8.4840 

0.00915 

142.1390 

141 .89 



1 

2 4730 

1 1 .5784 

1 .5151 






2 

0.4300 

2 0202 

0.4200 






3 

0.2289 

0.5704 

0.1719 






4 

0.1055 

0.2291 

0.0621 






5 

0.0547 

0.1102 

0.0457 





4 

0 

15.7039 

113.8913 

4. 3948 

9.00004 

118.8913 

117.45 



1 

1.1579 

5.8597 

0.5719 






8 

0.2020 

0.7425 

0.1258 
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3 

4 

5 

0 0S7I 
0. «229 

0 ot to 


0 . 1 677 

0.0537 

0.0234 

0 0403 

0 0175 

0 .0007 




5 

0 

11 3SSI 


98 1906 

1 .5701 

0 . 00000 

93.2286 

91.71 


1 

0 5660 


2. 0934 

0 3766 





2 

0 0763 


0.S022 

0 0260 





3 

0 0163 


0 . 0347 

0.0133 





4 

0 0054 


0.0177 

0 . 0036 





5 

0 0023 


0.0048 

0.0019 




the 

tall* in the 

bank are 

9 

8191 





the 

total concentrate is 

90 

. 1 8094 





the 

total holdup 

is 1059. 

75260 






SINGLE 

BANK UITH 

5 

CELLS 





BETA DISTRIBUTION CAMHA- 

1 

eta- 4 





h-1 

, 1-3 . 

T-0 1 







NO 

MOMENT INOE ■ 

FIEDI : 

) 

HOLDUP (HEUO) 

CONCENTRATEIETA ) ERROR 

E^ACT HOLDUP 

HOLDUP BY ACTUAL INTEGRATION 

I 

0 

too JuflO 


495 6949 

EO 4305 

0 00000 

497.0039 

496.45 


1 

20 OOOO 


67 2407 

13 2T59 





2 

6 6667 


17. .70 12 

4 3965 





3 

2 6571 


6.5297 

£.2043 





4 

1 4286 


2 9390 

1 1347 





5 

0 7937 


1 5129 

0 6424 




2 

0 

49 5655 


292.3516 

20 2943 

0 00000 

296 3036 

295.37 


t 

■6 72 41 


27.0453 

4 0195 





2 

1 7701 


5 3593 

1 2342 





3 

0 6569 


1 6456 

0 4£3J 





4 

0 2939 


0 651 1 

0 2239 





5 

0 1513 


0 3051 

0 1233 




3 

0 

29 2852 


196 8688 

9 5/63 

0 0041 9 

201 3693 

200 55 


1 

2 7046 


12.7977 

1 4243 





2 

0 E3S9 


1 3997 

0 3460 





3 

0 1646 


0 4613 

0 1154 





4 

0 6651 


0 1579 

0 0 4 93 





5 

•j 0 305 


0 0656 

0 02 39 




4 

0 

1 9 626) 


155 7058 

4 11 6 -J 

0 00108 

150 7089 

151 19 


1 

1 2 7)9 


5 4850 

0 731 0 





2 

0 1900 


0 9746 

0 0 525 





3 

0 u •< 6 J 


0 1233 

0 u332 





4 

0 0152 


0 0451 

0 0113 





5 

0 y u 6 6 


0 0150 

0 0051 




5 

0 

15 5709 


124 7425 

3.0966 

0.00277 

1 19.7425 

117.65 


1 

0 54 22 


4 1286 

0 1359 





2 

u 0975 


0 1812 

0.0793 





3 

0 0123 


0,1058 

0 . 0018 





4 

0 0045 


0.0023 

0 . 0043 





5 

0 0015 


0.0057 

0 . 0009 





th# t«il* in the bant.ar# 12.4743 
the total concentrate i« 87.S2S75 
the total holdup i« 1265.66660 


SINGLE SANK UITH 5 CELLS 
BETA DISTRIBUTION CAHMA- 2 ETA- 1 
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h-l ; 1-3 . T-0 I 


NO 

MOrtENT INDt\ FEcDcZj 

HOLDUP <«EU0) 

CONCENTRaTCIETa) error 

EXACT HOLDUP 

HOLDUP BT ACTUAL INTEGRATION 

1 

0 

100 0000 

150 4408 

80 9559 

0 00008 

■ 190.5498 

190.58 1 


1 

&& 6067 

107 9412 

55 8725 





£ 

£0 0000 

74 4967 

42 5503 





3 

40 0000 

56 7338 

34 32b6 





4 

33 3333 

45 7668 

28.7565 





5 

2S 5714 

38 341 9 

£4 7372 




£ 

0 

19 0441 

44.3579 

14.6083 

0 00072 

44 6924 

44.71 


t 

10 7941 

19 4777 

e 8464 





£ 

7 4497 

11 79E1 

6 £702 





3 

5 6734 

8 360£ 

4.8374 





4 

4 5769 

6 4498 

3.9319 





5 

3.8345 

5 a4£5 

3 3099 




3 

0 

4 43E? 

13 £729 

3 1085 

0.00003 

13.8149 

13.34 


1 

1 9478 

4 1447 

1 .5333 





£ 

1 17':3 

£ 0444 

0.9751 





3 

0 6 36 0 

1 3001 

0 7060 





4 

u 6 4 E 0 

0 9413 

0 £508 





5 

0 Sc43 

0 734£ 

0 4509 




4 

0 

1 3273 

5 0078 

0.8265 

0 00006 

S.6733 

S 70 


f 

0 4145 

1 1 0£0 

0 . 3043 





£ 

0 £044 

0 4057 

0 1639 



- 


3 

0 1 j u 0 

0 £185 

0 1082 





4 

0 0 V 4 1 

0 1442 

0 0797 





5 

0 0734 

0 1063 

0 06£5 




S 

0 

0 5005 

2 £190 

0 2739 

0 00003 

£ 9197 

£.95 


1 

0 1102 

0 371 8 

0 0 730 





2 

0 0406 

.} ygra 

i 030 :. 





3 

0 0£i9 

0 041 1 

0 0177 





4 

0.0144 

0 0£37 

0 0121 





S 

0.0106 

0 0161 

0 0090 




th# 

T«i 1« 

in th# Dank ar# 0 £ 

219 





tht 

tot« 1 

conctntrat# is 9? 7 

781 0 





th* 

total 

holdup IS ££5.29840 







SINGLE 3ANk UITH 5 CELLS 


BETA DISTRlBUTIO-i 1 cTA> i 

h«t ; 1*3 , T-y 1 


NO 

moment inde:- 

FZ£3< Z ) 

HOLDUP (M£J0) 

COMCENTRaTEIETA) error 

EXACT HOLDUP 

HOLDUP BY ACTUAL INTEGRATION 

1 

0 

1 

£ 

3 

4 

5 

too 0000 

75 OoOO 

60 0000 

50 0000 

4£ 8571 

37 SOOO 

165. 1206 
111.3173 

8£ 1577 

68 6456 

57 5139 

49 4743 

83 4879 
63.8683 

51 .4842 

43 1354 

37. 1058 
32.5526 

0.00000 

161 .8901 

161 88 

£ 

0 

16.5121 

26 6105 

13 6510 

0.22835 

29.1715 

29.17 


t 

11.1317 

18 2013 

9.3116 





£ 

8.5158 

12 4155 ■ 

7.2742 





3 

6 8646 

9.6990 

5.8947 





4 

S.7S14 

7.8596 

4.9654 
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t 

4 9474 

« .4204 

4.2654 




3 

9 

2.8H1 

S. 1515 

2.3459 

0.00010 

4.1755 

1.17 


t 

t .9^91 

3 1279 

1 .5073 





t 

1 941% 

t 0096 

1 0406 





3 

6 9499 

1 3674 

0 1312 





4 

• 7940 

1 t06f 

6 47ft 





f 

«.«4ei 

0.9002 

6.5720 




4 

0 

0.5f5^ 

0.9740 

0 4176 

0.00002 

1.4263 

1.42 


1 

0 3J&9 

0 fSTO 

6 2571 





e 

0 201 0 

0 3426 

0 1447 





3 

0.1357 

0 ce23 

0 1145 





4 

0 t 1 0« 

C 1ES4 

0 0953 





i 

4 0900 

0 1270 

0 0773 




8 

0 

0 0974 

0.4010 

0 0373 

0 00319 

0 5507 

0.55 


1 

0 0557 

0 0497 

0.0507 





2 

0 0343 

0.0474 

0.0275 





3 

0 0522 

0 03o7 

0 0164 





4 

0 OlEE 

0 1247 

0 0131 





5 

0 OicT 

0.0174 

0 . 01 1 0 




thf 

t#{ U 

In th# b*n\ •r# 0 

0401 ‘ 





th# 

total 

c#nc#ntr#t# i# 90 

93990 






th« totAl noldup i< $6o 457£C 


UNCLE iA»m WITH 5 CELLS 
lETA »I«TR18UTI0W CAHMA- 4 ETA* t 
H»t { J-3 ; 7*« f 


HO 

MOMENT 

INDEX EEED(Z) 

MuLC'l'P (MEUO) 

CONCENTF 


exact holdup holdup 6V actual INTECRATIOM 

1 

0 

100 0000 

150 2<02 

84 9790 

0 0 0C01 

149 01 12 146 99 


1 

00 0000 

f 13 3053 

46 6495 




2 

46 4447 

91 £553 

57 5107 




3 

57 1429 

74 4ft0 

49 4746 




4 

SO 0000 

45 9463 

43 4034 




5 

44,4444 

57 9712 

3E 4573 



2 

0 

15.0210 

23 7424 

12 444«> 

0 I2C2: 

23 5944 23 59 


1 

11 3305 

16 9644 

9 4443 




2 

9.1555 

\i ££9I 

7 E700 




3 

7 £42 1 

to 4934 

4 4158 




4 

4 5964 

6 

5 7141 




5 

5 7E71 

7 6166 

5.0252 



3 

0 

2 3742 

3.8310 

1,9911 

0 ooooo 

4.0862 4.09 


1 

t .4642 

2.4549 ‘ 

1 4206 




2 

1 2959 

1 9943 

1 0945 




1 

1 . 0493 

1 4420 

0 9031 




4 

0.6525 

1 .2042 

0 7 621 




5 

0.7619 

1.0141 

0.4603 



4 

0 

0.3831 

0,5790 

0 3252 

0 .00002 

0.8064 0.61 


1 

0 2655 

0 4334 

0 2221 




2 

0.1694 

0 2962 

0 1596 




3 

0 1462 

0 2131 

0. 1249 




4 

0 . 1204 

0 >446 

0 1036 




S 

0 1014 

0 1364 

0 . 0676 


, 

5 

0 

0 0579 

0 5000 

0 0079 

0 00387 

01914 0.19 


1 

0 . 0434 

0 OIOS 

0.0423 




1 • 

6.0294 

0 0564 

6 . 0240 




3 

0.0213 

0.0320 

o.otei 




4 

0.0147 

0.0241 

0.0142 




5 

0. 013d 

0.0190 

0.0119 




th# tiilt In th« b«nl? «r# 0,0579 

th* total concontratt i« 99.9^210 
th# total holdup l« 170.36200 . 


I 
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SINGLE SANK UITH S CELLS 


BETA DISTRIBUTION CAHMA- £ ETA- 3 
h-r j 1-1 } T-0 » 


MO 

MOMENT 

INDEX FE£D(2> 

HOLDUP (HEUOl 

CONCEHTRaTEIETA) EPftOR 

EXACT HOLDUP 

HOLDUP by ACTUAL INTEGRATION ^ 

1 

0 

too 0000 

295 1754 

70 4825 

0. 00001 

295.21 15 

£94 . 15 


1 

40 0000 

93 9766 

30 6023 





2 

20 c:>oo 

4i f031 

IE 9157 





3 

II 

£i 2263 

5 3055 





4 

7 1455 

12 4079 

5 5021 





s 

4 7615 

7 2694 

3.9750 




fi 

0 

25 £17? 

lO'^ 1507 

15 0017 

0 00061 

1 05.5662 

105 57 ’ 


1 

5.3577 

e? “356 

6 8641 





2 

4 0S03 

9 1521 

3 1651 





3 

£ lEc6 

4 =201 

1 .7006 





4 

1 r40e 

c 2 67S 

1 0140 





5 

0 7J:5 

1 “521 

0 6517 




3 

0 

10.9159 

4«, 'ilO 

C ^236 

0 00001 

45 7495 

45 90 


] 

£' <336 

i C3I7 

1 7304 





2 

0 9152 

c 3072 

0 6645 





3 

0 nrc 0 

C vl£7 

V. 3307 





4 

0 c2C7 

Ij 4 4 10 

0 1026 





S 

0 1352 

• 0 2435 

0.1105 




4 

0 

4 4921 

28 2153 

1 .6706 

0 00000 

23.4386 

£3.59 


r 

.0 ec32 

2 2274 

i .5804 





2 

0 c307 

0 7739 

0 1533 





3 

0 C513 

0 2 04 4 

0 0708 * 





4 

0 0441 

0 0544 

C 0347 





S 

0 0244 

0 0462 

0 0197 




S 

0 

£ .f2l5 

16 02S9 

1 0187 

0 00435 

13 6666 

13 84 


1 

0 .2227 

1 3582 

0 . 0869 





e 

0 0774 

0 1159 

O' 0658 





3 

0 . 0204 

0 0877 

0 0117 





4 

0 CC94 

0 0156 

0 .0079 





5 

0 .0046 

0 01 05 

0.0036 





th« t«lli in thf biinl *r§ t S0S9 
tht totil conctntrat# in 98 19712 
th# total holdup is A91 49920 



S3 


SIMCLE BANK UITH 5 CELLS 
BETA DISTRIBUTION GAMMA* 3 ETA* 2 
h«l ; 1-3 ; T-0 1 


NO 

MOMENT INDEX 

FEE0(2 ) 

holdup (MEUO) 

CONCEWTRaTE(ETA) 

ERROR EXACT HOLDUP HOLDUP 

BY ACTUAL INTEGRATION 

» 

0 

100 0000 

200 5 1 «5 

79.9491 

0.00004 £00.5265 

200 . so 


! 

6 0 0 0 0 0 

106.5975 

49.340? 




e 

■ 40 0000 

65 7070 

3 J 4? 1 3 




3 

20.5714 

44,5617 

24.1153 




A 

2! . 4206 

32.1537 

10.2)32 




S 

t 6 .6667 

24 . 2043 

! 4 . 2302 



2 

0 

20.0519 

49 1166 

IS. 1402 

0 00000 45 9026 

45.90 


i 

10 6590 

20 1069 

0.641! 




2 

6.5707 

M . 521 4 

5 . 4266 




' 3 

4 . 4562 

7.2354 

3. 7326 




A 

3.2154 

4 . 9760 

2.7177 




S 

2. 4234 

3 . 6236 

2.0661 



3 

0 

4.9117 

12 1656 

3.6751 

0.05606 12.4376 

12.44 


1 

2.0107 

4 . 9260 

1 .5260 




2 

1.1521 

2 0347 

0 948 7 




3 

0.7235 

1 . 2649 

0.5971 




A 

0 497 7 

0.7961 • 

0.4)01 




5 

0 . 1624 

0.5574 

0 3066 



A 

0 ■ 

1.2166 

3.0310 

0.9)35. 

0.00030 ’ 4.0000 

4. 09 


f 

0 . 4927 

1.2179 

0 3709 




2 

0 20 35 

0 .4945 

0 1540 




3 

0 1 P r. 5 

0.2054 

0 10 6 0 


, 


A 

0.0796 

0 14 13 

0 0 6V5 




5 

0 . OSS 7 

0, 0073 

0 04 70 



B 

0 

0.303! 

0 . 7650 

0.2266 

0 00006 1 .6202 

t ,63 


1 

0.1210 

0. 3021 

0.0916 




2 

0 0495 

0.1221 

0 .0 172 




3 

. 0 0205 

0 . 0497 

0 0 156 




4 

0.0141 

0 . 0208 

0 0121 




5 

0 . 0087 

0.0161 

0.0071 




th* t*Il« In tht bAn^ nr 9 0.076 <5 

tht total conctntr/it<i* It 90.92350 
tha total holdup Is 265.S9670 



34 


DATE 35/10/^0 


fif/cLE BAMK uiTii 5 cri.L*; 

MIXTURE Of TUO 6ETA 01 S TR 1 OUT I ONS IN PROPORTIONS «I m2 
CAHMAI- «, ETAi* 3, lit- 0 10 
CAMMA2- 3, ETA2. 2, m2* « 10 
h-t j 1-3 ; T-0.1 


NO 

MOHCNT INDEX FFCDtZ) 

HOLDUP IMCUO) 

CONCENTRAICtETA) ERROR 

EXACT HOLDUP 

HOLDUP lY ACTUAL INIICRATION 

T 

0 

too 0000 

210 02SI 

78 9975 

0 00004 

209 995t 

209 90 


» 

50 OOOO 

I 05 . 3300 

47.4670 





2 

33 OOOO 

63.2693 

31 6711 





3 

20 ?S7I 

42 2291 

22 6343 





4 

20 0000 

30 1791 

16 99ct 





5 

tS 4763 

22 6429 

13.2119 




t 

0 

21 0025 

51 9490 

15 $176 

,0 00071 

51 6690 

51 87 


t 

to 5330 

2t 0901 

6 4240 





2 

6 3239 

n 2320 

5 2057 





3 

4 2229 

6 9410 

3 529 7 





4 

3 0179 

4.7049 

2.5474 





5 

2.2643 

3 3966 , 

i .9246 




3 

0 

5.1949 

15 6789 

3 6170 

0 00026 

IS 7683 

15 78 


i 

2 1090 

4 1227 

1 6267 





2 

t 1232 

2 1690 

0 9063 





3 

0 6941 

I .2084 

0.5733 





4 

0.4T05 

0 7643 

0 3941 





1 

0 3317 

0 1254 

0 2971 




4 

0 

' t.5671 

8 3ni 

0 7286 

0 O060I 

6 0231 

6 04 


f 

0 4923 

•) *714 

0 3951 





2 

0 2169 

0 5135 

0,1655 





3 

0 1209 

0 2207 

0 0955 





4 

0 0764 

0 1317 

0 0633 





5 

0 0S25 

0 0844 

0 . 044 1 




S 

0 

0. S393 

2 3900 

0 5503 

0 00484 

2.8341 

2.85 


I 

0 097t 

; 7337 

0 0229 





2 

0 0St4 

6 6317 

0 . 048e 





3 

0 0 221 

0 0642 

0 OI5i 





4 

0 013c 

0 0209 

0.0111 





S 

0 0094 

0.0148 

0 . 0070 




th# 

t«il# 

in th# b#nfc arm 0 

2890 





iht 

tot • I 

concfntrit# i« 99 

71100 





th# 

tot «l 

holdup i« 283 83600 













S5 


SIHCLC BANK WITH S CELLS 

HIXTURE OF TWO BETA DISTRIBUTIONS IN PROPORTIONS mIhB 


CAHMA1- 2. 

ETAl- 3, 

ni- 

0 20 

tAKNA2- 3, 

ETA2- 2. 

«2- 

0.80 

h-f I 1-3 

; T-0 . 

1 



MO HOHCMT INDEX FEEO(2» 


HOLDUP IHEUOI CONCCN TR At E < C T A J 


EXACT HOLDUP HOLDUP IT ACTUAL INTICRATION 




5.7935 

a. tsse 
I . loot 

0 6«3? 
0 .443J 

9.316?' 


1 9990 
0.5179 
O.eiBJ 
0 M 76 
0.0729 
0 0494 


18.9900 
5.1794 
2. 1839 
f C7S6 
0 7294 
0 . 494 r 


7.7B82 
I SOU 
0 . 4904 
0.22S8 
0,1266 
0 . 0802 


3 8845 
I 6379 
0 0817 
0 SU3 
0 3706 
0 2675 


I 1263 
0 3679 
0 1694 
0 0950 
0.0602 
0 0414 


0 . 7729 
0 150c 
0 049 V 
0 0526 
0 0127 
0 0090 


S 4399 
0 3051 
0 tSJS 
‘0 0441 
0 . 0242 
0.0137 


0 £5!9 
0 11 96 
0 0331 
0 0!9» 
0 0102 
0.0067 


th» tAilt In the banlK «re 0 $440. 
the total concentrate it 79.45601 
the total holdup ii 309 51700 

SINGLE Bank WITH 5 CELLS 

MIXTURE OF TUO DETA DISTRIBUTIONS IN PROPORTIONS •%! 
CAMMAI- 2, ET/^I» 3. «t- •) 25 
CAMMA2- 3, ITa2- 2. mc» ) 75 


h-1 ; 1-3 ; T-0.1 


NO MOMENT INDEX FEED*!) HOLDUP (MEUO) CONCENTSa TE 1 ETA 1 ERROR EXACT HOLDUP HOLDUP BY ACTUAL INTECRATION 


too OOOO 

S5 OOOO 

35 0000 

24 2957 

17 8571 
13.6905 

224 2479 
103 4336 

59 5422 

39 7277 
27.2173 

20 1806 

77 5752 

44 6566 

29 0459 

20 4129 

15 1354 

1 1 .6724 

0 00043 

224, 1979 

223 91 

22,4248 
10.3434 
5.9542 
. 3.8728 
2.7217 

60.7785 

21 .7959 
to 8850 
4.4876 
4.2987 

16 3469 

8 1436 

4 8657 

3 2240 

2 2919 

0.00042 

60.8185 

60.82 








86 


5 

2 otet 

3.0550 

! 7125 




3 0 

& 0 779 

20 5355 

4 . 01 9:f 

0. 00002 

20. 7655 

20 00 

1 

2 1796 

5 3591 

1 6437 




2 

1 . osas 

2.1916 

0.8693 




3 

0 . 6463 

1 1591 

0.5323 




4 

0 4299 

0 7105 

0 3588 




5 

0 3056 

0 .4704 

0.2577 




4 0 

2 0586 

8 6057 

1.1980 

0.00023 

8.9257 

8 97 

t 

0 ?3E9 

1 5973 

0,3762 




2 

0 2192 

0 501 6 

0 1690 




3 

0 1 159 

0 2253 

0 0934 




4 

0 0710 

0 1245 

. 0.0586 




S 

0 0478 

0 , 078 1 

0.0400 




S 0 

0 8606 

6 . 0529 

0.2553 

0.00000 

4.6429 

4 68 

1 

0 1597 

0 3404 

0 1257 




2 

0 0502 

0 1676 

0 0334 




3 

0 OccS 

0 0445 

0.0181 




4 

0 0tc5 

0 0241 

0 0100 




5 

0 007? 

0.0134 

0 0065 





th# t*il* in the b*nV *re 0 6053 
the total cohcentrat* ts 99 3?*<71 
the total holdup it 320 270SO 

SINGLE bank UITH S CELLS 

HIXTURE OF TUO &£Tm DISTRIBUTIONS IN PROPORTIONS m 1 • me 
CAMHAl- 2. ETAI- 3. ml- 0 30 
CAHNA2- 3. ETA2- 2. m2- 0 70 
h-l ; 1-3 ; T-0 i 


NO 

MOMENT 

INDE< FcED<2) 

HOLDUP (MEUO) 

C0MCENTRATE(E7.O ERROR EXACT HOLDUP HOLDUP BY ACTUAL INTEGRATION 

1 

0 

lyO OOOw 

ei8 9*21 

77 I0.-.9 0 00077 £28 9321 228.60 


1 

54 0000 

102 8037 

43 7156 


2 

34 0000 

53.2928 

25 1707 


3 

£3 4256 

37 5610 

19 6725 


4 

17 1429 

26 . 2300 

14.5199 


5 

13 055£ 

19 3598 

11 1593 

2 

0 

£2 c97£ 

63 71 1 T 16 

=260 0.00047 63 8017 63.84 


1 

to £804 

22 0347 

3.0769 


2 

5 8293 

10,7692 

4 7524 


3 

3 7561 

6 3365 

3.1224 


4 

2, 6£30 

4,1633 

2.2067 


5 

1 9160 

2 5422 

1 6418 

3 

0 

6 371 2 

22.1611 4 

.1551 0.00012 22.4311 22.48 


t’ • 

2.2035 

5 5401 

1.6495 


2 

1 0769 

2 1993 

0 8570 


3 

0 6336 

1 1427 

0 5194 


4 

0.4163 

0.6925 

0 3471 


5 

0 2942 

0.4628 

0.2479 

4 

0 

2.2161 

9 4533 1 

.2708 0.00005 9.8933 9.94 


t 

0 5540 

t 6944 

0.3846 


£ 

0,2199 

0.5128 

0.1687 


3 

0 1143 

0.2249 

0.0918 


4 

0.0693 

0.1224 

0.0570 








87 


s 

0 0463 

0.0760 

0 0397 


0 

0 ?4S3 

6 .575-5 

0 2878 

0 00000 

t 

0 1694 

0.3637 

0 1311 


a 

0 0513 

0 1 7 4 .9 

0 033 5 


3 

0 0235 

0 . 0451 

0.0130 


4 

0 0122 

0 . 0240 

0 0098 


S 

0 0076 

0.0131 

0 . 0063 



th# t«il« in the b*nk ar# 0,6£76 
th* tot»l conc#ntP«tt 99.3i<Ma42 
th« total holdup i« 330 S7400 


SINGLE BANK UITH S CELLS 


HIXTURE OF TUO BETA D 1 5 TR I BUT IONS IN PROPORTIONS • t • 
CAMHAJ- 2, ETAl « j, ml « 0 40 


CAHMA‘2* 3, ETAc« c <t.a* 0 60 


h-1 ; I"3 . T»; I 


NO 

nOHENT iNDcV rEEjtZ) 

POLDU.- (NtUO; 

COl^CEil TF 

||QRQ|||||||QH 

EXACT HOLDUP 

HOLDUP BY ACTUAL INTEGRATION 

1 

0 

ICC. 00 00 

235 3707 

76 1629 

0 0006? 

238 4007 

237 96 


f 

£3 0000 

101 5506 

41 8449 





2 

2S 0 0-30 

55 7933 

26 . 4207 





3 

21 7143 

35 2£'6 

19. 1915 





4 

li 7143 

£4 2554 

13 2:37 





5 

* • 0 0 4 ? 

17 7193 

10 1329 




2 

0 

23 S37I 

69.4980 U 

€573 

0. 00037 

69 7680 

69.77 


1 

U- 1551 

22 5164 

7 9 034 





2 

= 5793 

10 5379 

4 5255 





3 

: 52;? 

•6 •'340 

2 tI94 





4 

; 4 2?: 

3 ^925 

2 036 3 





5 

' 7713 

2.7151 

1 5003 




3 

0 

; 9 4 V 5 

25 2227 4 

4276 

0 OOOO- 

£S 7623 

25.82 


1 

2 2516 

5 r0 34 

1 6617 





2 

1 0535 

2. 6'5I 

0 : jc 3 





3 

0 6034 

1 1097 

0 -5c4 





4 

; 3 ■? c. ; 

0.0566 

u 3236 





5 

. •; 7 5 5 

V 4 3 1 = 

0 2294 




4 

0 

: e p ^ ^ 

*106 9 3 

* = 4 

1 .0000 = 

VI 8283 

11.99 


1 

C 5vv3 

1 .5 6 72 

V 401:i 





2 

0 2215 

d £355 

0 1680 





3 

0 too 

0.2239 

0 08.26 





4 

0 0657 

0 1 181 

0 053? 



i 


5 

0 Ch 3 1 

0 071-3 

0 0 36 0 



1 

5 

0 

' 1 066 

7 a2l7 ) 

3647 

0 ooooo 

6.4517 

6.51 I 


1 

0 1837 

0 ,3c2 

0 1401 





2 

0.0535 

0.1868 

0 0349 



i 


3 

0 0c24 

0 0465 

0 0177 





4 

0 0118 

0 0237 

0 0094 





S 

0.0072 

0 0126 

0.0059 



; 

th# 

tail# 

in th# bank ar* 0 

.7422 





th# 

total 

content rat « i » 99 

.25783 





th# 

total 

holdup is 351.58100 













M 1 j 2 .1 li 7 

Th 

Date Slip 

3/^2hKrtiook is to be returned on the 
date last stamped. 





